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Dr. Frederick J. Mayer Eﬁ:f
Mayer Applied Research Inc. WPolansky
1417 Dicken Drive 1./3/ ¢

Ann Arbor, MI 48103
Dear Dr. Mayer:

This is in response to your letter dated November 11, 1991, that transmitted
your hypothesis regarding charge-neutral "particles” embedded in solids, in a
scenario involving their nuclear reactions.

I appreciate your interest in evaluating this_hypothesis in the context of the
cluster fusion experiments supported by the Diwision of Advanced Energy
Projects (AEP), that are being performed by Buehler, Friedlander, and Friedman
at the Brookhaven National Laboratory. While interesting results have been
published on this subject, the present understanding of the processes
attributed to cluster impact fusion, névertheless, provides no compelling
reason for this Division to expand its support of research in this area.
Consequently, I cannot encourage yourte submit a research proposal to develop
your theory.

Let me emphasize that thiscevaluation only considered the proposed research in
relation to funding priorities within AEP. It represents no judgement in
terms of the scientific merit of the hypothesis.

However, you do have.the.option to seek funding from other sources. In this
regard, | would encourage you to make sure that the members of the Brookhaven
cluster-beam fusiunlresearch team are aware of your ideas.

Thank you for taking the time to inform me of your idea.

Sincerely,

Walter M. Polansky, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
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Applying Physics to Industry

3417 Diékdén Drive Ann Arbor, MI 48103  313/662-3841

November 11, 1991

Dr. Walter M. Polansky, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
Department of Energy

Washington, D. C. 20585

Dear Dr. Polansky:

As you may remember, my colleague John Reitz and/T had done some
theoretical research in cold fusion. Recently, we have considered other
anomalous experiments according to our hypothesis regarding charge-neutral
"particles" that we have called hydrons. Enclosed is a preprint copy of our
recent paper, "On Very-Low Energy Hydrogenic Nuclear Reactions", for your
review. We believe that it contains important implications for the cluster-
impact fusion program which we understand your office has helped to
support. As you no doubt realize, we are in need of some support for our
research (the previous work was-privately funded). Because it is potentially
very important, we would like to submit a proposal for some support to
further our theoretical efforts and to suggest experiments for the Brookhaven
group that could either proveror disprove our hypothesis. I am writing this
letter as a pre-proposal;-and to inquire whether you would encourage our
submitting a proposal for model calculations and experiments design.

We think that'there is some interesting new physics in these low-energy
experiments; we hope that we might assist your office in an effort to
understand it. I look forward to hearing from you soon.

Frederick ]J. Mayer, PhD
President
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Some resulis ave described that derive from the assihnp-
tion that very low energy (=1 eV) electron-proton, electron-
deuteron, and electron-trilon resonance particle systems
(denated w-, &, and r-hydrons) are created in various mate-
rials and experiments. {nformation regarding the resonance
widih and lifetime is extracied from the dala of clusier-impact
Jusion experimenis, and (hese experiments are discussed in
connection with other anomalous experinients, including cold
SJusion experiments, which are examples of a new class of
hydron-mediated nuciear reactions —resenant direct nuclear
reaclions.

T

INTRODUCTICN

In recent years, numerous experiments have been per-
formed that, in one way or another, appear 10 be associated
with nuclear reactions but in an energy regimeso low as to
make Lhem, in elfect, seemingly impossible. Some'afl these ex-
periments have led to subslantta] conlroversy, as in the case
of the Fleischmann and Pons' expeciments; some, such as
the experiments of Buehler, Friedlander, and FFriedman?
(BFF), have led Lo astonishiment; while oihers, such as the ex-
periments of Locht{:-Hcill_g,re\.ft:'rt,,:i have gone largely unno-
ticed. This.lechnical note altemplslo tie all of these seemingly
disparate experiments togetherunder one straight forward and
basic theory of low-energy hydrogenic nuclear reactions.

Although these experiments are characterized by widely
differing material conligurations, they have a common
thread —they all incorporate heavy hydrogen (deuterium) as
ane species in Lheir active media. In the case of the Fleisch-
mann-Pous experiments, deuterium is electrolytically loaded
into a room temperature metal {e.g., palladium); deuterium
is one componeni of a near-solid, heated plasma in lhe BFF ex-
periments; linally, deuterium is a gaseous component in a fower
density, low-temperature plasma in the Lochte-Holtgreven
experiments. L is well known that to obtain finile, i.e., inea-
surable, deuteron-deutcron (d-d) nuclear reactions, a plasma
temperature of the order of 1 keV or higher is required to
overcome the Coulomb barrier. Since, in all of these exper-
iments, the temperatures do not exceed about a few tens of
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clectron-volts, it is often stated that no nuclear reactions are
possible because the d-d reaction would be expected to have
the lowest Coulomb barrier, hence the highest reaction rate.
We hope to show thal this reasoning is only partially correct
because it assumes thal the ingcoming particles (deuterons)
always have a charge of +1.1f a short-scale sereening mech-
anism exists, then barrier penetration is readily achieved, with
much higher atténdant nuclear reaction rates. That such
screening does; indeed, lead to very strongly increased reac-
tion rateshas been (:!early demonstrated in the case of muon-
catalyzed fusion,* in which a muon of mass ~200 times that
of an electron effeclively screens out the electrostatic field of
a hydrogen nucleus dewn to a dimension of ~260 F, giving
rise to.the strongly increased reaction rates observed in such
experiments.

._Recently, Benesh, Spence, and Vary® (BSV) suggested
that-an electron continuum bound stale (resonance) is to be

‘expected in electron-hydrogenic scattering systems. These res-

onances or “virtual-state™ particles may exist long enough to
charge neutralize a hydrogenic nucleus and, in a manner sim-
ilar to that of muon-catalyzed fusion, allow for easy Cou-
lomb barrier penetration and hence nuclear reactions of the
hydrogenic system and its ¢harged collision partner. On the
basis of their quantum electrodynamic (QED) calculations,
BSV estimated that the electron scattering resonance energy
is only of the order of a lew electron-volts, but perhaps most
interesting is the fact that the virtual particle (e-p} is an ex-
tremely compact object of the order of a few lermis.” Fur-
thermore, Benesh, Vary, and Spence® (BVS) applicd the
virtual particie concept in an attempt to understand the
astonishing results of the “ciuster-impact” fusion experiments
of BFF, albeit with limited success. We believe that the large
number of “strange” apparently nuclear reactions in these ex-
periments, as well as other anomalous observations, may all
be attributable to the existence and interactions in matter of

“Although QED calculations of the DSV type are expecied to be
the most accurate method lor determining Lhe propesties of this
compacl “particle” resonance, we mention that its formation de-
pends on a strong attractive interaction of short range. Qur pre-
liminary ealculations® indicale that the magnelic dipole-dipole
interaction (believed Lo be the important interaction governing
compacl e*e™ resonance formalion; see, lor example, Wong and
Becker?) is large enough to make (he resonance particle size ~1
to2 F,



these electron-hydrogenic resonance systems. We consider the

" resonance energy £y to be —1 eV (because of our fits to

some data), but the derivations given here are more general

-and Ej can be considered a parameter,

For convenience, we give these compact parlicles a name:
hydrons. We denote these electron continuum bound-state
resonances as follows: the e-p resonance as the w-hydron, the
e-df resonance as Lhe 8-hydron, and the e-# resonance as the
r-hydron. Note that during their brief lifetimes, the x-hydron
behaves very much like a neutron, the 8-hydron like a di-
neutron, and the r-hydron like a trineutron, excepl that their
nuclear reactions are different from their “real” neutron
counterparts. it is very important fo determine the character-
istics of such particles, and in particular, their lifetimes. BVS
made a fit 1o the BFF data (o extracl an estimate of the 8
particle's lifetime, arriving at a value of the order of tens of
milliseconds, an extremely long time on the atomic scale. Fur-
thermore, to have important implications, it is only necessary
that the resonance particles live lor times that are long com-
pared to typical atom-atom collision times of =10~ s,

We present a set of calculations for estimating the nuclear
reaction rates and characteristics of this new class of hydro-
genic objects. We then connect our results to some available
data that we believe demonstrates that these neutral, virtual
particles (the hydrons) play the major role in the “strange” ex-

periments. A delailed explanation of the so-called “cold fu- |

sion" experiments (g.g., the Fleischmann-Pons experiments)
has been presented elsewhere.®

THE SCREENED COULOME PENETRATION CALCULATION

Because it is the dominant process limiting nuclearreac-
tions at low energies, we estimate the elfect of sereéning on
the barrier penetration with a simple model, We use a'mod-
ified Wentzel-Kranters-Brillouin approximationand assume a
sharp cutoff type of sereening; i.e., the Coulomb barrier po-
tential is unaffected for R, < r < ry, and.it i§ zero lor r > 1,
where R, and r, are the nuclear radius-and the screen length,
respectively, It is easy to show thatimthedimit r,/r. < 1, the
penetration exponent T goes asifremembering that the barrier
penelration factor is P = exp{—T}]

P =T a4/ (" - R (n
where

F.= x[(2p) V) (Z, Z:e*/E"?) = usual unscreened
penetration exponent

r. = Z, Z,e*/E = distance of closest approach in the
unscreened Coulomb polential.

Substituting numbers, this equation becomes
I = 1.06(Z; Zap,)' 2 (rd* ~ RYY) , 2)

where
#y = reduced mass (amu)
R, r, = nuclear radius and screen length (F).

With R, = 1.34}7 F, note that il the screen length is roughly
a few fermis, the penetration exponent is still about zero; i.e.,

- almost complete penetration to the nuclear surface can take

place. Hence, the penetration factor P = exp(—TI') = I,
Therelore, the cross section for the resonance particle (, §,
or 1) interaction with another nucleus may be approximately
taken to be (in astrophysical notation)

o(E) = S(E)/E , &)

where S(E) is the usual astrophysical S factor (keV-b) and
E is, in the present case, in the range of only a few clectron-
volts,

THE NUCLEAR REACTION RATES

In the following, the notation refers to the case of a 6-
hydron reacting with a partner, but it should be clear that all
of the formulas are easily generalized to the other hydron in-
teractions.

We follow the calculation outlined by Roils and Rod-
ney.'? The relevant formula For the reaction of 8-hydrons is
Rolfs and Rodney’s Eq. (4.17) with complele screening, that
is, taking b = 0. The average of the cross section over a Max-
well-Boltzmann enerpy distribution (at temperature T) is

(oud, = (8/xp) /2 ATY"25(0)
= 1.5 % 10"’{)_;:,,?’.‘)"""8(0) em?fs , {4)

with 5{0) in kilo-electron=volt-barns and T in eleclron-volts.
The usual unscreened d-df rate is given by

Covde= 1.2 1072 exp(—{)S(0) cm /s , (s)

with  =1937 "% The total reaction rate {per cubic centi-
metre) of a mixture of § and 4 particles would then be given
by

r= Hg"‘;(al’)s‘i‘ {ﬂdﬂdl"z)<au}u 1 {6)

whete a4 1s Lhe deuteron number densily. An example of the
effectof the & particles on the total d-d nuglear reaction rate
is shown in Fig. 1, where we plot £10"/n} as a function of
temperature for three different fractional numbers of 5 par-
ticles (ms/n; = 107", 10="", and 10%), and we have taken
S{0) = 55 keV:b. These curves show that substantial reaction
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Fig. |. The normalized o-d nuclear reaction rate (» 10"%/n3) as a
function of temperature. The parameter on the curves in-
dicates the value of log, (7 /1)
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rales are therefore possible even with relatively small numbers
ol 8-hydrons. This is, of course, the result of the electron
scattering resonance providing easy Coulomb barrier pene-
tration, Clearly, the number of § particles produced under
various conditions is a mosl importanl consideration,

RESOMNANCE PARTICLE PRODUCTION

To calculate the rate at which the resonance particles are
created, we again follow the Rolls and Rodney derivation'®
for sharply peaked resonance reactions. These authors display
the velocity-averaged integration over the strongly peaked
cross section of the (approximately) Breit-Wigner type. In the
present case, Rolls and Rodney’s Eq. (4.56} becomes

Covdp = Qa/pkTY 2 wypexp(—Ex/kT)
where

(7}

o= gty (o, + my) =, = reduced mass
Ey = electron scattering resonance energy

T = electron temperature

w = spin lactor of order one
i =TTl + 1)

Iy, I'y = energy widihs for elastic and resonance scatter-
ing, respeclively.

Substilulihg nuimbers, we have
Coude =302 X 108 T S exp(~Ep/T) cii/s ,  (B)

where Eg and T, are now in electron-volts, and g = wryy.
Note that the resonance parlicle lifetime 7,, and the reso-
nance energy width are related by I'y7, = A, so that with
I''» Ly,

(ovipT, =33 X M0 RuT 2 exp(—~Ep/T)em? . ()

Equation (9} relales the reaction rale to the 5-hydran life-
time, However, in general, mechanisims other than spontane-
ous decay of the & particles are important, Lhereby réducing
the § particle’s lifetime below that given by'Eq..(9); We now
look at some interesting time-dependent effectscontrolling the
&-particle population. Notice that the peak d-particle produc-
tion rate occurs for an electron temperature of T, = (§)Ej.

RESONANCE PARTICLE POPULATION-BYNAMICS

The number of §-hydrons present under specific circum-
stances depends on varigus-time scales and whether steady
state has been achieved. Here we derive the population den-
sity of & particles for the important case in which we assume
that the electron temperature remains constanl (to make
{ov)p a constant). The § particles decay by either collisional
decay with nuclei (or possibly eleclrons) or by natural decay
alter a lifetime r,. We refer Lo collistons with nuclei in the

following. The population equation may be wrillen as
dng/dt = nnovdy — (e '+ 12d) (10

wlere

B, iy = electron and deuteron (ionized deuterium at-
oms) densilies, respectively

(ovdg = reaclion rate per pair per cubic centimetre.

The collisional decay lime is given by 1";,,’, = un,{av},, where
i, and {ouv), are the nuclear density and velocity-averaged

collisional decay rate, respectively, 1f the collisions between
& particles and the nuclei are like “hard spheres,” we might
expect {ov), = TRIv, = § X 107243 (T/u,) "% cm¥/s. The
solution to Eq. (10) is

fy = (Mg o) pra/ {1 + 7, /1)) [T — exp(—1/6)] , (11)
with

te= 7,1 + 70/ Tcont} - (12}

If the source producing the jonization is removed, the [irst
term in Eq. (10) goes to zero, and the §-particle density Talls
exponentially. If we go to the steady state (¢ 3 1), then the
d-particle density is given by

Hs = R gboypr, /(1 + 7o/7004) - (13)

If the collisional decay time is short compared to the natural

decay time {high densities), then the steady-state 5-particle
density is independent of the lifetime:

Hy = Hyh 00 Teon - (14)

MNow, at early time (¢ <« {,), the d-particle density from
Eq. (11) is given by

iy = Hgfglowigl .

(£3)

We use this result laterafier-estimating an important param-
eter in the resona_nce-parl‘icle system —the line width I,

A CLUSTER-IMPACT FUSION MODEL

Important experiments were recently reporied by BFF
in Ref, 2. I these experiments, clusters of heavy water mol-
ecules were accelerated to a lfew hundred kilo-electron-velts
andallowed to impact on deuterated targets (TiD, ZrD, deu-
terated polyethylene-CD,). These researchers found that d-d
nuclear reactions were induced in the cluster impact, yet the
expected maximum reasonable numbers of such reactions
based on high-energy deuteron barrier penetration was some
ten or more orders ol magnitude smaller than those observed.
We believe that the production of a relatively small number
of highly reactive §-hydrons during the cooling of the target
and cluster material to only a few electron-volts is the likely
explanation of these experiments, as we show later. As men-
tioned earlier, this possibility has already been put forward
in a different cluster impact model® by BVS, who attempted
o extract the resonance energy and line width from both the
BFF data and from some more recent data from Buehter
et al.'* After describing our cluster-impact fusion model, we
compare our results to those of BVS.

We propose a model of the impact fusion process based
on the following physical processes. A cluster of heavy wa-
ter molecules (=200) carrying kinetic energy of the order of
a few hundred kilo-electron-volts deposits its energy into a
target maierial by both electron conduction heating along the
slowing-down path and direct nuclear scattering of some of
the target nuclei encountered. This process spreads the initial
clusler kinetic energy among numerous dissociated target at-
oms, ions, and electrons of the cluster material and a larger
amount of target material, It is simple to show that the power
deposition from the clusters must be of the order of 10"
W/em?, At these power levels and with temperature gradient
lengths of approximately the cluster radius, the electron’s heat
conduction is saturated (or “flux limited"), and an electron
thermal wave moves outward from the deposition region at
a characteristic velocity vy, = f;, ¢e = fi (kT/m1,) "%, where the

&



so-called “flux limil" parameter f; has been estimated to be
about f; = 0.4(2/x)"? = 0.32. A good discussion of salu-
rated eleclron heat conduction can be found in, for example,
Ref. 12,

The kinetic energy deposition time lasts only a short time
{(=107"" 5}, approximalely the time it takes the ciusier Lo
travel a distance of jis own radius. During this period, the en-
ergy is thermally conducted into a volume larger than the ini-
tial cluster size, and becaunse of the high density and relatively
high lemperature, pressure gradients lhen hydrodynamically
accelerale some of Lhe target material outward, creating a
crater.

A fully consistent plasma model lor this complex inter-
action must take account ol the cluster kinetic energy depo-
sition of both cluster and “knock-on™ nuelei, (he ionization
of the cluster and target atoms, the thermo- and hydrody-
namic expansion ol the deposited energy, and the nonequi-
librium effects that may be important because of the short
lime scales and high energy densities involved in these exper-
imenls. This complex model is gutside Lhe scope of this tech-
nical note. We instead approximate the clusier-impact events
witlt # wmodel in which the incoming cluster deposils its kinetic
energy us thermal energy in a conduclion-heated zone extend-
ing sonie to-be-determined distance into the target material.
This is clearly a very simplified model, but it does show the
effects of 1argel healing on the cooling of the cluster parti-
cles in a way that is, at least, straighllorward, and il conserves
energy; Turthermore, il is similar in spirit to a model pre-
senled in Ref. 13,

1t is useful Lo fist some of the quantities of interest in our
model and to be specilic about the cluster and target numbers
for better understanding. The notations and definitions that
we adopl lollow. The cluster radius and volume are given by
Ry=2% 107N em, and I, = 4xR3 /3 cm?, where N, is

the number of water molecules in # cluster. The velocity ©f:

the clusler is ¥, = 9.78 % LO°(E./N)'"? cm/s, where £ s
the cluster energy in kilo-electron-volts, n, = 3.3 x lﬂﬂ/cm’
is Lhe Dy0O density, and n, = 4.1 X li)glzll:m3 is-the CD,
densily.

We consider the plasma created by theslowing-down nu-
clei to be in thermal equilibrium to determine the number of
electrons and ions among which the deposited Kinetic energy
is distributed . We used an ionization equilibrium model of the
Saha type'* 10 self-cousistently determine the ionization level
and the ionization energy thatds.expended to produce this
level of ionization. We then curve fii the results of these cal-
culations for both heavy water and denterated polyethylene
{CD;). The curve Tits take'the following form (normalized
quantities are per water molecule):

Electrons:
X, = i/, = exp(—6.4/TH [T/ (1 + 0.12T%%))
Deuterons:
Xy = g, =exp{ —6.4/TY [T¥V (1 + 035T¥Y)) ,
and ‘
lonization Energy:
Ei=x412 +007T) eV , {16)

where T is in electron-volts. The curve [its are accurate only
to ~20%. We used these curve fits (x,, xy, and £) 1o deler-
mine the average temperature of the heated zone in the target.

We distribute the cluster kinetic energy over the total
number of particles (neutrals, ions, and electrons), the ion-

ization energy, and ~9 ¥ per molecule of dissociation energy
to self-consistenlly find the teraperature and the number den-
sities of each species. We deline the energy (in eleciron-volts)
deposited to cluster and target material as

Euop = Nal(DO + 2 )T+ E + 91, (17

where we have iniroduced a constanl f, which is the ratio of
the total number of molecules heated (cluster plus target) to
the number of cluster molecules. This result, Eq. (17), should
be a good approximation for the higher energy (300-ke V) clus-
ters. For the lower energies, the cluster mglecules are proba-
bly not completely dissociated, The time scale for the heating
{and cooling) should be quite ¢losely given by the cluster-
impact “collision” lime {. = R/ ¥y, which is of the order of
10~ 5, Since the electron thermal conduction is saturated,
the heated volume increases during the collision time 1o a
value of approximately

V=(4/3)( Ryt vt = Vo with f={1+fic./V)* .

{18)

We use the Tlux limit parameter as a [itling parameter al-
though we expec! its valueto be ~0.32, as mentioned earler.
The energy balance is now Writlen

LHOEy = Ep (i9)

with £ in kilo-elegtron-volts and Eg., in electran-volls.
Equations (17), (18), and (19) are iteratively solved using the
temperature-dependent Saha parameters, Eqs. (18), lor the
self-consistent:temperature. Once the temperature has been
determined, we use Eq. {15) to determine the number of §
paiticles created during the cluster-impact healing time,

Therefore, taking S{0) = 55 keV-band ¢ = £, in Eq. (18)
andusing Eq. {4) in Eq. (7}, we calculate the number of re-
aclions that should be observed for given values of f; and
7 = wyy. For example, the number of protons generated
during the cluster-impact collision time can be shown to the
given by

Np i ZNchexdi“r(UU)s't‘l I"J(UU)R'fI 3 (20}

and this expression can be evaluated once the self-consistent
teinperature has been determined, Further, note that f enters
the temperature estimate but not the reaction estimate.
Using this simple heat conduction and energy balance
model, we fit the Beuhler et al, data'’; the results are shown
in Fig. 2. We adjusted f, and % = wryp to bring the model cal-
culations and the data into agreement. The value of f; 1hat
produces the Tull curve in Fig. 2 is f; = 0.38, [airly close to
the expected value of 0,32, The shapes of the yield curves ver-
sus N are quite sensilive to the value of f; because of Lhe
cubic dependence indicated in Eq. (18). This seasitivity is
shown by the dashed curves in Fig. 2 for fi = (L33 and 0.43.
The ratio of the total number of heated molecules to the
number of cluster imolecules is ~42 over the range of cluster
sizes in the data of Fig. 2. The self-consistent temperaiures
for Lhe best-fit solid curve is also shown in Fig. 2. Both the
number of heated molecules and the temperaturzs so ob-
tained are in pood agreement with those estimated in Ref. 13,
Although the fit to the data is reasonably good lor a simple
model, other effects mentioned earlier {e.g., incomplete mo-
lecular dissociation) may come into play and thus require ad-
ditional study. -
" Qur mode), although inexact in the sense that it only ap-
proximates the thermo-, hydro-, and ionization dynamics, has
already approximately the correct behavior as far as the



Protons/10°° Clusters and Temperature, T (eV)
(48]

. S ——
150 200 250 300
Muolecules per Cluster

350

50 100

Fig, 2. The proton yicld data {points) produced in the Beuhler
et al.'' experiments (with E4 = 300 keV) versus the number
of water molecules in a cluster. The solid and dashed curves
are the model results and have f; as a parameter, The

dash-dotied curve is the temperalure corresponding (o the
Ji = 0.38 curve.

reaction rates are concerned. Not only is it difficult to see
how the ordinary ¢-d term [the second term in Eq. (7)) could
be made to yield sufTicient numbers of reactions, il is even
more difficull to see how this {erm could be made to agree
with a decrease of yicld with the smaller cluster impacts. The
model we have prescated is to be viewed as schematic, al-
though we believe that, for the extraction of the efTective res-
onance width 7, it is reasonably close.

THE LINE WIDTH AND MODEL RESULTS
AND COMPARISON TO BVS

We now have an estimate (from the curve [it) of the nat-
ural line width of the & resonance as.approximalely wyy =
4.4 % 107 %eV. [fw =1, then gz =4.4 % 10~"* eV; therelore,
the natural lifetime is in therange 1’2 x 10" s < 7, < 1.9 x
107" 5, with a best-fit valugol 1.5'% 10™* 5. Of course, this
value must still be considered an estimate because of the
thermo-, hydro-, and ionization dynamics physics uncer-
tainties.

Finally, a few other numbers are worth noting. The é-par-
ticle densily at the peak reaction rate in Fig. 2 is ~ 10"%/cm?;
i.e., only a few parts per billion of the available deuterons are
converled Lo § particles in the interaction. We note here that
in steady state and under similar plasma conditions, the re-
action rate would be incrensed by a lactor of /iy = 5§ %
10%. This increase, if realized at the same cluster kinetic en-
ergy, would increase the nuclear energy gain G = E,,.,/Ei,
from G = 1077 in the present experiments up to a maximum
gain of G, = 5000, a very large gain indeed.

Note from Fig. 2 that the temperature at the peak clus-
ter reaclion point is ~4 eV, Targel materials with ionization
energies dilferent from thal of carbon will change the num-

ber of electrons produced at a given temperature {(Saha equi-
librius}, and this would change the temperature for a peak
in the reaction rate. The shape of the reaction rate curve,
therefore, will be determined more from the ionization phys-
fcs than from the resonance physics if, as expected, Ep « E;.
Therelore, it is probably not possible 1o extract the resonance
energy from this sort of data as easily as the resonance width.
Clearly, more work is required to obtain precision values {or
these important é-hydron data. The lower temperatures {be-
low = 2e¥) of Fig, 2 clearly require 2 more accurate mode!
involving partial dissociation and other atomic and molecu-
lar physics processes that are not necessary for the higher
temperature experiments. We now compare of our resulis (o
those of BVS.

Qur resulls are substantially different from those of BYS
because of our quite different models. BVS were able to ex-
tract a resonance energy of between 0.16 and 0.67 eV. Qur
model does not allow us to extract the value ol Eg (we have
simply assuined Ep = | V)il it is small compared to the jon-
ization levels of most materials. BYS lind a line width of be-
tween 2 x 10" and 2.5 x 10~' eV, giving a very long
lifetime (7, = 3 to 300 ms) to the & resonance. On the other
hand, we lind yp = 4.4 X 10=% eV for a rather shorter life-
time of 7, = 1.5 x 107% 5./ Although our model gives sub-
stantially different results, we-do agree with BVS that the §
resonance is probably responsible for the observed nuclear re-
actions in BFF and Ref, T1.

OTHER EXPERIMENTS

There may be many experiments that can be explained
by the existence of the & particle and/or its cousins, the =
and 7 particles. The most controversial of these has been
the observation of “excess” heat, tritium, and neutrons in
cold-fusion experinients. We have explained,? in some detail,
how the production of the & and 7 particles in a metal lattice
immediately removes the conflicts between theory and exper-
iments in deuterated metals, by showing how barrier penetra-
tion takes place and by recognizing a new class of resonant
nuclear reactions that give rise to the excess heat and very low
neutron production. The new class of nuclear reactions is a
resonant analog of the direct nuclear reactions in which a
transler of a neutron occurs between a projectile and target
nuclei with positive @ with only charged particles in the exit
channel. These resonant reactions are also analogous to low-
energy neutron absorption resonances. An example of such
a resonant direct nuclear reaction (RDNR) is 2®*U(d, 1)**'U
with O = 0.106 MeV. Both (d,7) and (¢, d) reactions may be
operable in the cold fusion experiments, atlowing for both tri-
tium production and consumption in these experiments bul
without release of neutrons or gamma rays in the reactions.
There is direct evidence in experiments that these RDNRs are
responsible for the excess heat, tritium production, and neu-
tron production. Only because of lormation of the charge-
neutral 8- and t-hydrons are such RDNRs made possible
through barrier penetration of the higher Z target nuclei.
It is outside of the scope of this technical note to present Lhe
details of these arguments; instead the reader is referred to
Ref. 9 for details.

Although the cold fusion experiments have received wide
altention, their association with nuclear reactions has been
poorly understood. A number of other experiments, less
widely publicized and also poorly understoed, appear to be
connected to both cluster-impact fusion and cold fusion by the
resonance particle interaction hypothesis. These experiments

o



and their Lheorelical connection to cluster-impact and cold

fusion experiments provide additional evidence that such reso-
nances do exist.

The {first of these is the experiment of Klyuev et al.,'*
where a LiD crystal was fractured by a shock wave produced
by the impact of a 0.2 km/s projectile. In an experiment of
this type, shock waves may produce temperatures of <1 eV
but can produce bolh ionization and dislodged d
These conditions are favorable to the production of some
small number of &-liydrons which can react, producing a
simall number of d-d neutrons, as these experiments did show,
In these experiinents, there are certainly no “high"-energy
deuterons; hence, 1here can be no ordinary d-d reaclions al
all.

Arzhannikov and Kezerashvili,' in another Soviet exper-
iment, recently reported observing small numbers of neutrons
produced in a chemical reaction. In this work, LiD pellets
were simply dropped into a test tube of heavy waler, the en-
tire assembly having been embedded in a neutron delecter.
Statistically significunt numbers of neutrons were observed
10 be emilted during the exothermic cliemical reaction of the
LiD and D,;0. As in the previous experiment, Lhere could
not have been any conceivable method for producing kilo-
electron-volt deuterons in a chemical reaction, but some neu-
tron-producing & parlicles could have been created with the
small amount of ionization that accompanies chemical energy
release.

Still another expenmenl with remarkable results is that of
Lm:hle-Hollgrcven where a capacitor bank was employed
to explode a thin wire of LiD and lithium. The slow-discharge
capacitor bank added thermal energy to the exploding plasma,
but only to a few hundred electron-volts. After a short pe-
riod, pulses of neutrons were observed, along with some in-
dications of alpha particles emitted in the d-5Li reaction.
These reactions presumably take place in a low-temperature
plasma where there should be very Tew particles energetic

enough o produce the observed reactions by energeticpar-:

ticle barrier penetraticu,

DISCUSSION AND CONCLUSIONS

We have extended our theory for nuclear.eneérgy release
in various very low cnergy systems invalving hydrogen iso-
topes and other nuclei by the production:of charge-neutral,
resonance slates in the electron-proton (), electron-deuteron
(8), and electron-trilen (7) sysiems, The data in cluster-impact
fusion experiments have been analyzed to extracl important
information aboul the fésonanece width and Lhe natural life-
time of the & resonance. We expect the lifetimes of the # and
7 particles 1o be comparable, although this has yet to be de-
termined. Most important is the fact that numerous experi-
ments in which it is impaossible to believe thal high-energy
particles have been present can be readily explained given that
the resonance particles have been formed and survived long
enough te allow barrier penetration and subsequent nuclear
reactions. Both fusion reactions and a new type of reaction,
RDNRs, have been identiflicd in these various experiments.,
The RDNRs have a unique characteristic—they do not release
neutrons, potentially important for the development of these
reactions in nuclear reactors,

Of course, many experiments are required to understand
the details of the operable nuclear reactions, including the de-
tatls of resonance particle creation, scattering, reaction, and
destruction. Optimization of these reactions in various ma-
terials and devices may allow the development of nuclear

rons.

reaclors of a new character compared {o the concepts in mag-
netically confined and inertially confined fusion reactors. If
sufficient energy release can be realized, the advantages pro-
vided by the aneutronic nature of some RDNRs will be very
significant.
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Dr. Frederick J. Mayer
FJM Associates

1417 Dicken Drive

Ann Arbor, MI 48103

Dear Dr. Mayer:

This is in response to your January 29, 1991, letter to me.that outlined a
proposed agreement between the Department of Energy (DOE) ‘amd your company,
FJM Associates, to expedite a cold fusion research program based on your
theoretical model. Although technical details of the-proposed activities were
not provided, you did estimate the funding levels needed to perform the
research. ;

The DOE has been receptive, at a modest scale and through its regular funding
process, to high-quality research proposalsiaimed at understand1ng physical
phenomena attributed to cold fusion. If yeur theory is based on sound,
scientific principles and the proposed research effort would be within the
Department's policy on cold fusion, then you should consider submitting a
research proposal for evaluation. Hewever] as occurs with research proposals
submitted in other areas, the evaluation process for your idea would include a
comprehensive, technical peer review,

I can appreciate that you are anxious to test your cold fusion theory and that
you would be frustrated with edr evaluation process. On the other hand, there
has been no compelling exidence provided on cold fusion to date that would
justify a revision of ‘present DOE policy, such as the acceleration of review
procedures.

Please accept my best wishes in your future endeavors.

Sincerely,

Walter M. Polansky, Acting Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16

ER-16:WMPolansky:SueEllen:3-5995:2-6-91:C:\POLANSKY\Mayer.91:wp5.1
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January 29, 1991

Dr. Walter M. Polansky
Basic Energy Sciences, ER-16
Department of Energy
Washington, D. €. 20545

Dear Dr. Polansky:

This letter is a follow-up to my telephone conversations with you
and Dr. Barney last week.

First of all, let me apologize for the tone of these cmversatlona
I hope that you will understand that I feel some urgmc? in trying
to quickly get the appropriate discussions undngr ‘on these new
developments. o 4

As I mentioned on the telephone, we (nysalf a.nﬁ Dr. John R. Reitz)
now have in hand a rather complete theoretical understanding of not
only the gross features of “cold fusion" experiments but also some
very detailed data from at least two quite competent experimental
groups. Furthermore, our model points a very clear path to
increasing the nuclear reaction levels almost certainly up to the
power producing level. Our ideasjare not generalities; they are
directly testable. In addifiorn” there is over-arching physics that
has allowed us to understand, with precision, the data of the
cluster impact fusion geoup’ (Brookhaven), as well as other anomalous
experiments with evidence’of nuclear reactions. (ur first paper
entitled, "Nuclear inerg'y Release in Metals" is scheduled for
publication in May,-at which time, we expect a substantial change in
the success rate/and reproducibility in a variety of experiments
with nuclear.obsérvations.

I have suggested collaborations with LANL (Damon CGiovanielli) and
LLNL (Alex Glass). Both labs indicated either no interest or no
funds, at least for purchasing completed research. This is the
reason for contacting you. I would like to propose the following
arrangement for your consideration, as a wvehicle to get some
experiments going as scon as possible.

The proposed agreement would have the following components: 1.)

DOE and/or its designees will receive a confidential briefing on our
work after having signed non-disclosure agreements. 2.) If you wish
to make use of the work in beginning experiments, DOE will make a
one-time payment to FIMA of $100K, during 1991, for the use of the
infermation prior to publication. 3.) If the experiments derived
from this work are successful, as I clearly expect them to be, I
would be the lead author on the experimental paper. 4.) DOE will
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consider negotiating a follow-on (1992) contract of about $1iM with
FIMA, for extending our joint experiments and beginning development
work on some {(to be disclosed) FJIMA proprietary concepts for the
reduction to practice of our physics concepts. 0f course, there is
no implied commitment of funds until you have decided that it is in
your interest to proceed with such a joint program.

I realize that this proposal sounds rather presumptious, but please
consider that we have some very important information that bears on
the energy problem and there is not enough time to go through a
contract proposal preparation, review, etc. In fact, we do not even
have much time to get collaborative agreements in placeJ before the
information is broadly distributed.

I trust that you will give our proposal a fair read:mg even given
the present negative climate in this cantrnveraiﬂ. Area. We are
convinced that things in this area will be thmging Please contact
me as soon as possible on how you wish t,a praceed I have enclosed a
vita for your information.

q,pjr truly yours,

O Rl ) Mo

Frederick J. r, PhD
President
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Dr. Frederick J. Mayer
President

Mayer Applied Research, Inc.
1417 Dicken Drive

Ann Arbor, MI 48103

Dear Dr. Mayer:

This is in response to your May 22, 1991, letter regardipgqpossible support
from the Department of Energy (DOE). There has been /o, ehange in the
Department’s policy on cold fusion research since my february 6, 1991, letter
to you. We continue to monitor developments ip”celd, fusion throughout the
world and we believe that we are aware of all recent reports, including your
publication in Fusion Technology. However, we have yet to detect whether
these reports are having any impact on the Substantial air of scientific
skepticism that has surrounded claims attributed to cold fusion.

In reply to the question raised in your “letter, a proposal on cold fusion
submitted to the DOE would be evaluabted: in accordance with the guidelines
described in the enclosed booklet entitled, "Application and Guide for the
Special Research Grant Program, 10%CFR Part 605." You should note that the
evaluation procedures for résearch proposals include a comprehensive, peer
review. Recognizing the prasent state of affairs in cold fusion, it is
difficult to envision a research proposal submitted in this area would be able
to withstand the scrutifiy.ef such a review,

Thank you for taking the time to inform me of your research activities in cold
fusion.

Sincerely,

Walter M. Polansky, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16

Enclosure



-
DIVISION OF ADVANCED ENERGY PROJECTS, ER-16

OFFICE ROUTING SLIP
regard to the attached:

¥XT

&w. M. Polansky

& D. L. Barney ;.@%_‘5)3.%

®R. R. silbar RES s/z3 — "}a' %
@:s. E. stottlemyer \me'®

SBIR N
® 5. J. Barish 5"’}; sh &
'E?a 5. H. Toms YR

&
’F\!ﬂm.3 &%&k‘; oan s Qw

'“:=4r5;<igiﬂiﬂqsf' f

Please Indicate: File X Destroy _
Name of File: il stroy _




»
S 22491 pe:r3Is B 313 &62 JI22@ MARI P.a1

Mayer
Applied
Research

Inc. Applying Physics to Industry

1417 Dicken Drive » Ann Arbor, M! 48103 » 313-662-3841

FACSIMILE TRANSMISSION SHEET

To: Dr. Walter M. Polanskgfj_l_'_'" Ny

Company: Department of Energy " RAX: 301 353 6594
From: Dr. Frederick J. Mayer ' FAX: 313662 3920
Pages: o} (i.nclufiit}g;\léﬁi;s?one) Date: 5/22/91 a.m.

Dear Dr. Polansky:

Appended is a copy ofour first paper, "Nuclear Energy Release in
Metals", which recently appeared in Fusion Technology. It goes a
long way to.retaoving the conflicts in the "cold fusion™ effect. As I
mentioned inymy letter to you of January 29, we have in hand a
rather complete understanding of the anomalous effects in
deuterated metals. Our second paper (presently under review) is
entitled, " On Very-Low Energy Hydrogenic Nuclear Reactions". A
third paper with more of the basic physics of the new resonance -
particles, { we now call them "hydrons" ) is also out for review.

We are interested in finding some support for our experimental
program. Is there a chance that a proprietary proposal to DOE
could be processed fairly quickly? With our publications, we are
pointing the direction for the e~ rimentalists, and we expect some
ther spectacular results quite soon. However, we also think that
we are in a unique position to most directly attempt the development
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of an energy source from our present understanding and designs. In
fact, we would hope to lead a national program for the research and
development of this energy source for DOE and industrial pariners,

We have learned that a number of other countries are funding
substantial programs in the area known (incorrectly) as "cold
fusion”. We have been approached by one Japanese company
already, yet we don't seem to be able to get out of the "Pons and
Fleishmann potential well" in our own country.

We would be happy to give you a briefing about.our propietary
concepts, if that would help. Please let usknow.if you have any
suggestions on how we might proceed.

Sincerely,

Fre7enck J. Maye

President

@1
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A scenario for muclear energy release in metals prodiced
through resonant direct nuciear reactions of low-energy “vir-
sual™ dinewirons and trineutrons is proposed, These reactions
produce heat, tritium, and only fow levels of penetrating radi-
ations. The proposed scenario is shown to be consisteni with.
some detaifed data from “cold fusion " eaperirments, Furiher-
more, the possible connection of the proposed scenario witht
some other previously recognized, but anomalous, nuclear
observations of geophysical interest is suggested.

L. INTRODUCTION

In early 1989, the reports by Fleischmann and Pons' and
of Jones et al.? led to & flourish.of activity to determine if
huclear energy release at near-ambient conditions was indesd
occurring in deuterium-loaded metals. Many experiments did
not observe evidence of nuclear reactinns, whils athere did.
This disparity led to rather polarized debate in the scientific
community as it became guite clear that, without straining
credulity, the positive observations could not be expiained by
the well-studied, and most probable, d-d nuclear reactions.
However, while the debate proceeded, so did other experi-
ments; there are currently some 60 laboratories® around the
world that have reported evidence of nuclear reaction activ-
ity and/or excess heat from electrochemical cells or other deu-
terlum-loaded metal systems,

Numerous theoretical suggestions have been put forward
to explain the experimental observations (excess heat, tritium
generation, neutron generation, and charged-particle gener-
ation), but many arc not complsisly vunslsiet with the ab-
servations, It is nof the purpose of this paper to discuss all the
sxperimental observations, nor to critique the various theo-
fetical models that have been proposed. The interested reader

iz referred to the review rrticle of Bockris 1 &l.? for a sum-

mary of the experimental situation and to the paper by Miley
etal.tfora summary of the proposed nuclear physics mod.

els. Rather, it is the purpose of this paper to propose a new
scenario that may be responsible for the experimental “cold
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fusion” ohservations and to suggest some clear directions for
modifications of the current experiments that could test our
proposal. We also suggest that the scenario proposed here
may‘explain some previously recognized anomalous nuclear
observations of geophysical interest,

For the sake of comp]etencss, we list here some average
observations in cold fusion experiments, not all of which are
found by all observers, nor during all of thelr experiments,
The positive results appear to be sporadic in nature and to de-
pend in some unknown way on the materials used. Experi-
mentally, the observations are roughly as follows:

1. neutron generation rate up 1o 10%/5
. tritlum generation rate up 1o ~10''/s

little or no *He or “He detected

. no deuteronstriton {d-#) neutrons or energetic gamma
rays detected

6. all observables seem to be produced in bursts (micro-
ceconds for nesutrons to a fow howurs for cacess Licat),

It is the lack of energetic secondary nuclear particles that is
most revealing. As others** have pointed out, the absence of
the easily detected d-f neutrons, which would have to be ¢re-
ated at a rate of ~ 107 times the tritium generation rate (the
triton has 1.01 MeV of kinetic energy in the exit channel) in
the deuteron-deuteron {d-d) reaction, apparently eliminates
this reaction as the source of both the tritium and excess heat.
On the oiher hand, the relatively small rates of d-d neutron
production could be the result of secondary nuclear reactions
in a situatlon where the primaty reactions had very low en-

ergy deuterons in the exit channel.

We retirrn to the comparison of the experimontal obacr-
vations and our proposed reaction scenario after & discussion
of somc relevant nuclear physivs,

2
3. excess heat generation rate up to ~10 W/cm®
4
5

Il. RESOKANT DIRECT NUCLEAR REACTIONS

The masc-energy difference between the deuteron and @
triton is quite small, |A4] = 1.8141 MeV. So, in the well-
studied direct reactions,® i.e., stripping (¢, d) or pick-up
MAY 1991
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(d, !} reactions, the energy increment transferred can be
small. Contrast this value with the classic direct reactions,
{d,p) and (p,d), with a transferred energy increment of
5,8469 MeV, The latter energy incremeni often results In sub-
siantia] energy being carried away as kinetic energy of the
exiting light particle or nuclear excitation {and, therefore,
gamma emission) in positive-Q reactions. On the other hand,
the heavy hydrogen direct reactions may result in relatively
low exit channe] kinetic energies in reactions that are close to
resonant with this energy increment. We believe that these re-

TABLE 1

Positive-Q, Tritium-Producing Reactions
{on Siable 1sotopes) for Which /| Ag | < 0.1

Prowdust

Radiation ()
Tritium Producers {MeV) (MeV) | /1441
1. 280¢d, ¥ | 8-, low-energy | 0.1059 | 0.0583

gammas
2. MHg(d, )*PHg Stable 0.0259 | 0.014
3. ¥SPid )M Stable 0.1259 1 0.070
4. "'05(d, 1)1%0s Stable 0.0459 | 0.025
5 183W (d, 18w Stable 0.0759 | 0.042
6. "*Lu(d,1)'" Lo Stable 0.0859 | 0.047
7. 19Dy (d, 1) '* Dy Stable 0.005_9. ~.0.0032
8. "INd(d. 1 INd &tahle 01540 noRe

Note: Reaction | conserves spin and parity.
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actions may be the primary operative nuclear reactions tak-
ing place in cold fusion experiments.

With such reactions, trittum is produced or consumed
with ne other light nuclei involved. Tables I and 11 list* Ui
most closely resonant reactions on stable nuclear isotopes
with the heavy hydrogen isotopes.” We designate these reac-
tions #ritium producers and (rifium consumers. The list is in-
complete, as we have chosen to display only those reactions
that are within 10% of being “on” resonance, 0/|4,] < 0.1.
Notice in Table I that for most of the tritiutn producers,
the heavy product nuclel are stable, For the :-?**U reaction,
the resulting 2*’U decays with a half-life of 6,75 days, and
the product radiations are a s0fl bela and low-energy gamma
ravs.

Notice that the product heavy nuclej are either stable or
have relatively low encrgy radioactivity. Also, the deuterons
(and tritons) carrying-away 'the excess Q are of low energy
and, therefere, will'not interact strongly with the ambient me-
dium. There aré numerons nthet reactiont that conld be off-
resonance further than the 10% criterion above, especially in
the (1, ) reactions; however, they would not be expected to
have/gross sections as large as the more closely resonant re-
actions listed, i.e,, the zero-energy resonances. Of course, the
resonant character of these reactions might be expecied Lo
yield cross sections many orders of magnitude above the non-
resonant background reaclions as in neutron absorption res-
onances (e.g., in indium), Without detailed measurements,
however, It is no1 possible to know if these reactions actually
possess very large resonant cross sections at zero energy. Such
experiments are made n i

ECompiled from data fican Rel. 7. Mute sevent compliations of the
nuclide mass levels differ from those used in the computations by
a5 much as & few tens of keV

Positive=Q, Tritium-Consuming Reactions {on Stable Isotopes) for

TABLE H

Tritium Consumers

Product Radiation
{MeV)

 192py (1, d) 1Py

. VBHE(r, o) T
S Tm(r,d) OTm
L T T =
¥ Ho{1,d)'%Ho
) "’Tbt;.a'}’”‘!‘b
ISéGd“.d)H?Gd
IBEu(r,d)'*Eu
. BBy (4,d) 2B
10. 1%Te(s.d)' 2" Te
11, 138b(t,d) ' #Sb
12, '%pd(t,d) 97 Pd
13. %8s, d)%Sr
14. 2Ti(r,d*'Ti
15. *Mg(nd)¥" Mg

T

90 -d oA Lh B W B e

o

IT, iridium L X rays
Stable

£7(0.97), 7, X rays
Stable

B(1.84), &=, X rays
B7(1.74), 2™, X rays
Stable

B7(1.85), ~, X rays
B={l.48), e~, X rays
B=(0.7). garnma raye
£7(1.48), gamma rays
Palladium X rayz, &~
B ~(1.46), gamma rays
B(2.14), gamma rays
A7(1.75), gamma rays

¢h Q7| A < 0.1
Q

(MeV) Q/164|
0.0241 0.0175
0.114] 0.063
0.1641 0.09
0.184} 0.10
0.0741 0.060
0.134] 0.074
0,0941 0.05
0.1341 0,07
0.0341 0.02
0.033 0,018
0.1701 0.094
0.0641 0.038
0.1441 0.08
0.1231 0.068
0.1831 0.10

Note: Reactions 3, 10, {2, and 15 conserve spin and parity,
*The asterisk in reaction 12 refers to an excited nuclear state,
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d {or 1) kinetic energies due to the very high Coulomb bar-
rler. OF course, this is the obvious major objection to such
reactions having any finite probability. The Coulomb barrier
for these reactions is much larger than that of the d-d reac-
tion because the barrier penetration factor scales approxi-
mately as

P wexp[-9892,Z,(A,,/E)'?)
where
Zy, Z; = atomic numbers of the reacting nuclei
Ay = reduced mass (amu)
E = center-of-mass kinetic energy (eV),

Considering deuteron kinetic energies of, at most, a few elec-
tron-volts, these reactions couid nof take place at finite (i.2.,
méasurable) rates. Some reactions of the (4, ) type have been
suggested by Rafelski et al.,® with screening of the deuteron
charge provided by a massive negatively charged particle,
supposedly a remnant of the early universe. Alternatively, we
propose a different screening mechanism.

(. "VIRTUAL" NEUTRONS, DINEUTRONS, AND TRINEUTHONS

There is now reason to speculate on the existerice of what
we will call a “virtual” neutron, “virtual” dineutron, and “vir-
tual” trineutron. (This nomenclature is used here for conve-
nience, not precision.} These virtual particles may form asa
result of continuum resonance scattering of an electron and
a proton, deuteron, or triton. The latter resonance states
are now expected, based on an extension of some recent work
by Spence and Vary.? These authors describe a‘quatitum
electrodynamics calculation that yields guite narrow (i.e.,
long-lived) resonances in the electron-positron system. The
continuum resonances so predicted appear 10.agree very well
with data from ceriain heavy-ion experiments, where an ap-
parently long-lived electron-positron pair is left behind in
heavy-ion collisions. Furtheérmose, Benesh, Vary, and
Spence'® (BVS) have proposed an'extension of the quantum
electrodynamics calculations:to the electron-deutzron (e-d)

ase, finding resonances in this system that might explain the
much-higher-than-classical fusion rates in recent cluster im-
pact fusion experiments,'!

From these experiments and their theoretical calculations,
BVS estimate & line width in the e-d system of <i0~!' ¢V,
which would correspond to a lifetime of up to 60 us —a very
long time indeed, Furthermore, the electron energies of the
resonances are contained in a region between a few tenths of
an «c.iron-volt and ~5 ¢V, just the range of clectron ener-
g 'hat are to be found in certain metal lattices. From their
theory, BVS also caleulate that the virtual particles will be
very small—only a few fermis. The compact size of these vir-
tual particles allows them to penetrate the Coulomb barrier
easily, with the much higher probability that they will un-
dergo a nuclear reaction. This situation is quite similar to bar.
rier penctration in the weil-studied case of muon catalyzed
fusion.'? The Coulomb interaction of the virtual particle and
a collision partner is screened cut in regions larger than the
virtual particle size —in the present case, down to the fermi
scale. These virtual or resonance particles, therefore, will be-
have as though they were charge-neutral protons, deuterons,
or tritons of very low energy; and if resonant direct nuclear
reactions (RDNRs) are available, these reactions are then ex-

ERA

pected to be very strongly dominant,” a result® iImportant to
the discussion below,

We think it important to point out that there is a long-
standing anomaly in the studies of the diffusivity of intersti-
tial atoms in metals, It is well known that hydrogen isotopes
have an extremely high diffusivity in metals,' as much as 20
orders of magnitude higher than other interstitials such as ox-
ygen or nitrogen, This anomaly could be the result of the ex-
treme smallness of the hydrogen isotope virtua! particles
glving rise to the rapid diffusion through the metal lattices.
For example, the cross section should scale roughly as the
approximate size of the interstitial atoms or particles. The
charge-neutralizing radius of a hydrogen isotope dissolved in
ametal is ~1 A, but the size of the virtual neutron (e-p) or
its heavier counterparts (e-d and #-7) is a few fermis, which
then gives a projected area ratio of 10°, not as large a factor
as the observed increase, but'large nonetheless, Clearly, com-
pact virtual particles could be part of the explanation for the
hydrogen-in-metal diffusivity anomaly,

We suggest that although there has yet to be direct evi-
dence for the existence of compact, charge-neutral resonance
particles (virtual neutron, dineutron, and trineutron), the in-
direct evidence (see below) for their existence does seem to be
increasing. The possibility of generating and selectively react-
ing these vireual states of singlv charged nuclei (and singly
charged only!) could, in fact, open up a whole new class of
low-energy nuclear physics experimenis and applications.

Lastly, we mention that there has been speculation!s:'®
thatdow-energy resonance reactions may have potential for
nuclear fusion. However, the (d,?) and (r,d) reactions de-
scribed in this paper were not suggested by McNally; more
importanily, neither was the enabling screening mechanism
provided by virtual particle formation. If our scenario does,
indeed, explain the current cold fusion experiments, then it
would be, of course, useful 10 search out additional resonant
reaciions,

IV. ADNRs, VIRTUAL PARTICLES, AND
COLD FUSIDN EXPERIMENTS

IV.A. Electrochemicel Experiments

The resonant direct nuclear reactions of the (d,7) and
{1,d) type mentioned above have the imporiant characteris-
tic that the released nucleons all have very low energies (on
a nuclear scale); hence, they do not react strongly with the
surrounding medium (o create secondary nuclear producis,
but deposit their energy as heat in the medium, Additionally,
only very low energy gamma rays from low-lying excited
states are present. Furthermore, neither *He nor “He are cre-
ated in the reactions. All these characteristics are In agreement
with observations {or, actually, the lack thereof) in cold fu-
sion experiments. The observation of tritium production
would be consistent with the tritium producer reactions listed
in Table [, if the relevant nuclides were present as impuritics
in the metals or electrolytes in the electrochemicals cells, For

PReactions on high-Z suclel are expecied to be much larger than
for d-d, even withou! a resonance, as may be seen from extragi-
ing the S0} value from reaction cross-section data, Note thal
o(E) = S(EYP(E)/E, where S(E) Is the astrophysical § factor.
With screening down to the fermi scale, P{E) = 1, similar to the
case of deuterons with energy “above the barrier.” Based on data
from Ref, 13, we find that S{0) = 770 keV b for {d,¢) on U,
but ${0) = 55 keV-b for (d,#) on deaterlum,
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the virtual dineutron and trineutron states, the resonant-elec-
tron may enier the exit channel reaction kinematics so as to
carry away some fraction of reaction energy, further reduc-
ing the observable secondary nuclear reactions.

Impurities may be playing a very substantial role in the
cold fusion experiments both in the metals and in the deute-
rigm supply. In particular, the tritium that is found in D,0
water and deuterium gases could be contributing strongly to
the evolved excess heat produced. Furthermore, if the tritium
and metal impurities are indeed significant, then we expect
the following:

1. The reactions should be sporadic (in bursts) as the var-
ious inleraction partners are brought together in the ¢lectro-
chemical loading process, e.g., by cracking the lattice or by
phase changes giving rise to drifting nuclei.

2. The experimental reproducibility should be poor due
10 probable widely varying levels of Impurities in the differ-
ent cell materials,

These erratic observations in cold fusion experiments ar¢ ex-
pected by our proposed scenario.

Determining which reactions in Tables |1 and 1I are al-
lowed depends on the spin and parity of the nucleons in the
reactions. 1n the case of the virtual particles, these quantum
numbers are not known. One is tempted 10 use the spin and

L 3137 662 3920 MARI F.E63
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parity assignments of the corresponding charged particles (&
and 1}; doing so results in only reaction 1 of Table [ and re-
actlons 3, 10, 12, and 15 of Table 11 being allowed. Note that
for the tritium producers, only the uranium reaction remains,
Of course, there is a possibility thal a uranium impurity is
present in some cell materials, but it is more likely that plat-
inum (an anode material in some cell designs) is present as an
impurity. In the case of the tritium consumers, the obvious
allowed reaction is '®Pd(r,d)"9"*Pd, reaction 12 of Table 1,
but other impurity nuclides involved in reactions 2, 10, and
15 of Table I1 could also be present. However, it is not clear
that these spin/parity assignments are correct for the virtual
particles, so these selection criteria may be in error. Further
experiments should help resolve this issue,

There is some recent evidence that the "®Pd(r, &)'¥7*Pd
reaction may be taking place. In the following, we analyze the
new results presented by Appleby, Murphy, and Srinivasan?’
{AMS). This group presented depth profile data of palladium
isotopes taken from €athodes that were electrolyzed in both
H;0O and D,0. The experiments described by these authors
are of the standard ‘electrolytic cell type using a pelladium
disk cathode:and a nickel mesh anode. Some of their data,
reproducedin Fig. 1, shows the isotopically resolved data
from'a 0.63-cm-diam x 0.5-em-long palladium disk in both
heavy and light water clectrolytes as a function of depth, The
natural palladium isotepic abundances are '®Pd = 0.96%,
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Fig. 1. Palladium isolope data versus depth in 'wo experiments of Appleby et al.'* The upper sef of curves (san?ple 3) was obtained with
a palladium cathode electrolyzed in H,0; the lower set of curves (sample 5} was obtained with a palladium cathode electrotyzed
in D;0. Note that the '%Pd curve in sample 5 has decreased a small amount relative to the other {sotopes in this sample when

compared with those in sample 3.
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14pd = 10,97%, '*Pd = 22.2%, '®Pd = 27.3%, '%Pd =
26.7%, and "'°Pd = 11.8%. In Fig. 1, the upper curves are
the data from the light water electrolyte run, and the Tower
are from the heavy water run, The important observation
here is that the "Pd of the light water run appears 10 have
been depleted to a level about equal to that of the '%Pd in
the heavy water run at least to a depth of 1.4 ym. Other data
show that this depletion extends into at least 8 um. The can-
didate resonant direct nuclear reaction, as mentioned above,
is '%Pd(1,d)'""Pd with Q = 0.0641 MeV, and the '9*Pd
then undergoes a radiative transition yielding a 0.115-MeV
gamma ray.

The '®Pd depletion'® amounts to ~0.6% of the palla-
dium in the first 8-uzm layer, which cotresponds to roughly
4 x 10" atoms, and the energy released to ~4 kJ (not count-
ing the gamma-ray energy); over & time of ~1700 h, this gives
a released power of only ~7 mW. However, the heat may
have been released in & much shorter time busst (=12 h). In
any c¢ase, the important result here is that the excess power
deduced from this candidate reactlon is within reasonable
agreement with the observed excess power levels of AMS's ex-
periments.

Clearly, If this is the operative nuclear reaction, then an
equal number (4 x 10“) of tritons would need to have been
consumed, However, It 1s easy to estimate that there could
not have been this many tritons available from the tritium
in the heavy water (which typically contains ~10° atom/ml).
The electrolyte had a volume of 100 mi, which converts 1o

~ 10" tritons, but there is also fresh heavy water added 10,

make up water lost in the electrolysis at a rate of ~4 mish
for & replacement time of ~25 h or 68 replacements in their

1700-h run. This gives a total number of tritons available.

of ~6.8 x 10", which is down 6 x 10* from thetotal're-
quired to account for the '%Pd depletion. So either there
was addidonal trltium introduced, or it must have been pro-
duced in a tritium-produ reaction of the type listed in Ta-
ble I.

There is no {d,¢) RDNR on the palladium isotopes, 5o we
are forced to look for reactions with contaminants. The
nicke] anode itself also has no'RDNR gandidates. However,
platinum is 2 known contaminant (up to hundreds of parts
per million) of palladium, Therefore, a candidate RDNR is

BP1(d, 1) Pt(gs) with Q ='0.126 MeV. Uranium (reaction
| of Table I) might also be present in smalier concentrations,
although this has not been measured (as far as we know). The
highly nonr¢producible and sporadic (burstlike) character of
the observed nuclear effects in cold fusion experiments might
be traced to the amount of tritium (a contaminant in the deu-
terium) present and/or the amount produced (through metal
contaminants) in RDNRs. This hypothesis can clearly be
tested with controlled contamination of the patladium cath-
odes and by addition of tritium while measuring the excess
power generated,

Before leaving our discussion of typical electrochemical
experiments (with palladium cathodes), it is useful to mention
& point of possible experimental confusion regarding tritjum
production in these electrodes. If the (1,d) teaction on '®Pd
(reaction 12 in Table [} is active in these experiments, then
107Pd is created. This palladium isotope is beta radioactive
with a very long half.life, but, more importantly, the beta

“Conirary to these results, Ref. 18 reports date indicating an en-

. hancement of the '®Pd isoiope during electrotysis; however, the
authors in Ref. I8 also sBHested that a contaminant species may
have compromised their "™Pd data, y
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end-point energy is only 40 keV. This is to be compared with
the tritium beta end-point energy of 18.5 keV. If care is not
taken to discriminate between these two nuclides by their en-
ergy spectra, it is possible to confuse ' Pd for tritium. It is
not clear whether thls confusion has or has not occurred in
cold fusion experiments up to now.

IV.B. Charged-Particle Beem Expariments

Next, we consider another very interesting and impor-
tant recent experiment {that has been described by Chambers,
Hubler, and Grabowski'® (CHG). This group has direcily
measured charged particles emitted from a thin deuterium.
loaded l-um titanium foil using charged-particle deteciors
located directly behind the titanium foil, This group has ob-
served the emission of 5.08-MeV charged particles. 1t is not
known whether the particles were protons, deuterons, or iri-
tons, but the energy measurement resolution was excellent at
17 keV. The CHG experimental result is inconsistent with the
charged-particle bratich of the d-d reaction that produces a
3-MeV proton and a 1-MeV triton. However, a candidate
RDNR that might be responsible is “'Ti(1, dYTi with Qo=
5.3701 MeV intothe ground state of **Ti, Assuming zero inci-
dent energy in the center of mass, the exiting deuteron would
then bave kinetic energy of E4 = (48/50)Q = 5.155 MeV.
The comparison with the measured charged-particle energy
Is. eveny closer if the source energy is corrected for coming
through the 1-um foil. (Energy loss of ~88 keV/um can be
estimated from other data of CHG.)

A straightforward calculation of the number of teitons re-
quired if this RDNR is producing the CHG data suggests
that, as in the case of the electrochemical cells, a tritium
supply in excess of the tritium contaminant (~ 1 part in 10'4)
in the deuterium would be required ta observe their count
rates, Since there are no {(d,/) RDNRs on titanium, another
contaminant metal (see Table I) would again be necessary.

Finally, we mention the quite extraordinary results of the
Bhabha Atomic Research Centre®® (BARC) group. After
bombarding a titanium disk with energetic (hundreds of kilo-
electron-volts) deuterons from a plasma focus device, the
BARC group found no evidence of tritium production on two
successive days; however, after 5 weeks they observed very
large tritium activity. This group also measured the produc-
tion of excess tritium by simply loading D; gas into pella-
dium metat for a number of days, These results may be
consistent with the RDNRs on contaminants taking place
during some bulldup time, due to & small reaction rate, How-
ever, experiments are needed to confirm this conjecture.

Our proposed scenario for explaining the observations in
cold fusion leads us to suggest specific experiments that can
be performed to test its validity. These include introducing ex-
cess amounts of tritium into palladium or titanium, along
with measurements to observe enhancement of the nuclear ef-
fects. Also, palladium and titanium metals may be daped spe-
cifically with measured amounts of metals chosen from the
list in Table Il and then examined for production of addi-
tional tritium and heat.

V. DISCUSSION

In this paper, we proposed a scenario that appears to
have characteristics that agree, in large part, with cold fusion
experimental data. The scenario consists of RDNRs and elec-
tron-resonance-created virtual dineutrons and trineutrons.
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The resonance screening hypothesis (without the RDNRs)
may also explain observations of strongly increased nuclear
reactién rates in “cluster-impact” fusion experiments. '° Fyr.
thermore, it would appear that our scenario could also be an
explanation for other anomalous observations apparently re-
quiring nuclear reactions at near-ambient conditions. These
include the observation of tritium being released from volea-
nos arid other geothermal vents, as noted by Jones et al,,?
and the observation of an anomalously large *He/*He ratio
in chemical-grade metals®!; this latter observation might oc-
cur in a tritium-producing RDNR from deuterium introduced
in water during melt processing of the metals, followed by
subsequent beta decay of the tritlum. Finally, the observation
of excess *He compared with *He in geologically evolved
gases®? could have a similar reaction scenario as its source.
Along with the excess *He from these reactions, there would
be the associated additional source of heat, possibly contrib-
uting to the earth's anomalous heat production.*

Of course, our hypotheses will require many laboratory
experiments of different types before the processes can be
fully understood or extended 1¢ the geophysical problems
mentioned above; however, the direction for further study of
these virtual particle low-energy nuclear reactions has been
made explicit and should be examined in the near future.

And finally, if the virtual particle hypothesis is borne out,
there will undoubtedly be, in addition to the resonant direct
nuclear reactions, other interesting virtual particle reactions
1o examine, such as the virtual-neutron-to-real-neutron irans-
formation reaction that frees a neutron, Some of these reac-
tions have been identlfied and would be worth examining
later, as the two neutron transfer reactions would be.

Our scenario, If proven accurate, could indicatg a'very
important new direction to access nuciear energy releasewith
moderate effort and capital investment, compiied with the
present fission or fusion technologies.
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May 23, 1991 -- on Mayer pre-preproposal
1) Any theory involving "hydrons" is unlikely to hold water.

2) Not c¢lear who the experimentalists would be, Or just what the
experiments themselves would be. (But I bet it’d be easy to
disprove, probably an afternoon in somebody‘s lab, not a whole
project at big $.)

3) The paper is unconvincing:

a) Uses Vary as evidence, but we didn‘t credit that work.

b) They also ignore fact neutrons are 100,000 times less
frequent than tritons (when they should be nearly egqually
frequent). This, while explaining why there are "fgo" heliums.

¢) Other things in my notes I found unconvincing or doubtful
but won’t go into here.

4} Would recommend to Mayver mnot to make a proprietary proposal.
No proposal to AEP is processed gquickly because it is reviewed.
And, in present climate, any proposal having to do with cold
fusion would likely fair badly. (Even the Admiral says it‘'s "bad
science".)
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