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the conventional theoretical estimates of the cold DD fusion rate may not be reliable since the extrapA surface reaction mechanism and the effects of olation method used may not be valid at low enerelectron and muon screening are described for elec- gies.[1,2,12]
trolysis fusion experiments. A general expression is
In this paper, it is shown that the electron screengiven for the modified Coulomb barrier penetration ing effect becomes significant at low energies and
factor which includes the lepton screening effect and hence the conventional Coulomb barrier penetration
which can be used for extrapolating the fusion cross factor (the "Gamow" factor) used to describe the Dsections to lower energies . It is shown that, when D fusion rate is no longer valid at low energies. A
combined with the effect of velocity distribution in modified Coulomb barrier penetration factor and a
the context of the surface reaction mechanism, the new extrapolation method for the cross-section and
electron screening effect may explain the claimed re- rate are proposed for the cold D-D fusion reaction
sults of recent electrolysis fusion experiments and in electrolysis experiments and for other fusion remay also explain why it is difficult to reproduce the actions in physical processes. When combined with
same result with different samples in electrolysis ex- an appropriate velocity distribution arising from the
periments. Experimental tests of the effects of elec- surface reaction mechanism, the new extrapolation
tron and muon screening are suggested both for elec- formula which includes the electron screening effect
trolysis experiments and for inelastic scattering ex- is expected to be able to explain the results [3-8J of
periments .
electrolysis fusion experiments.

ABSTRACT

I. INTRODUCTION

Recently, a surface reaction mechanism [1,2) was
proposed for electrolysis fusion experiments [3-8) in
which deuterium-deuterium (D-D) fusion takes place
in the surface zone of a palladium (Pd) cathode where
whiskers and asperities of metal deuterides form during the electrolysis experiments, in order to explain
the discrepancy of 24-60 orders of magnitude between the conventional estimates [9-10) and the electrolysis fusion results [3-8). It has been shown that
the calculated fusion reaction rate can increase by as
much as 60 orders of magnitude [11] if an appropriate Maxwell-Boltzmann velocity distribution is used
in the context of the proposed surface reaction mechanism.[1,2] It has also been argued that

In section II, the D-D and hydrogen-deuterium
(H-D) fusion reactions are described in terms of the
surface reaction mechanism . In section III, the effect
of a velocity distribution on D-D fusion is discussed
in the context of the surface reaction mechanism .
In section IV, the electron screening effect is described in detail for fusion reactions and an appropriate modification of the Coulomb barrier penetration
factor is presented. A new extrapolation formula for
the fusion cross sections is given. The physical consequences of the effects of both velocity distribution
and electron screening are discussed for electrolysis
fusion experiments. In section V, the muon screening
effect is discussed and its implications are described
for the results of the recent electrolysis experiments.
In section VI, the branching ratio for the D-D fusion
reactions is discussed. Finally, a brief summary is
given in section VII.
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II. FUSION PROCESSES IN THE
SURFACE ZONE
In electrolysis experiments where the Pd cathode
is immersed in D 20 with LiO D electrolyte, many
spherical and hemispherical D2 gas bubbles of varying sizes (radii ranging from a few J.Lm to a few mm)
will be produced continuously in the surface zone
outside the Pd cathode where they will stay for a
certain time duration before they move out of the
electrolysis cell. Many of these D2 gas bubbles in the
surface zone will have surface whiskers (PdD or LiD)
protruding into them. This will create very high
electric fields around the sharp tips of the whiskers,
which are many orders of magnitude larger than the
average field due to the applied potential. D+ ions
in a given bubble will gain kinetic energies with a
statistical distribution which depends on the bubble
size and the values of the widely varying electric field
inside the bubble. When the applied potential is '"
10 V, the average laboratory kinetic energy of the
D+ ions in each bubble is expected to be rv 10 eV.
A small fraction of the D+ ions are expected to gain
additional kinetic energy beyond the average value
due to several acceleration processes, such as (i) acceleration of the ion due to a change of the polarity
of D+ to D or D- near the whisker tips (this process
D+ -+ D- may increase the the D kinetic energy by
a factor of two, or more by the use of a high AC
voltage with a correct modulation frequency), (ii)
acceleration of D when D+ is picked up and carried
by a group of fast electrons [13], and (iii) other such
processes [13].
The accelerated D+ ions (deuterons) (also smaller
amounts of D- and D) in the bubble will be incident
on the electrically neutral D (or H present as an impurity) in the D 2 0 or in the Pd cathode (whiskers
and surface areas). The dominant fusion reactions
are:

D+
D+

+ D -+
+ D -+

3 H(l.OI

MeV)

3He(0.82 MeV)

+ p(3.02 MeV),
+ n(2.45

(la)

MeV), (lb)

where EG is the "Gamow energy" given by EG =
(27raZDZD)2 Me 2/2 or E~2 ~ 3l.39(keV)1/2 for
the reduced mass M ~ MD/2 for reactions (la)
and (lb) and EiP = 25.64 (keV)1/2 for reaction
(lc) with the reduced mass M = mpMD/(mp +
MD) ~ MD/3. E is in units of keV in the center of mass (CM) reference frame. The S-factor,
SeE), is extracted from the experimentally measured
values [16,17] of the cross-section, aCE), for E 2:, 4
keV and is nearly constant [17], SeE) ~ 52.9 keV
- b, for both reactions (la) and (1 b) in the energy
range of interest here, E:;" 1 keV. For reaction (lc),
SeE) ~ 2.50 X 10- 4 keV - b. In the following, the
theoretical formulation will be given only for reactions (1a.) and (lb), as it is similar for reaction (lc).
Reaction rates, Reale, for both reactions (la) and
(1 b) for an incident deuteron kinetic energy Ei in the
laboratory (LAB) frame, are given by

where q, is the incident D+ flux
q,

= (0.625 X

10 19 D+ Is/sec)!

(4)

with the current I in units of amperes, and P(E i )
is the probability for a deuteron to undergo a fusion
reaction (la), (lb), or (lc) while slowing down in the
deutera.ted Pd electrode, which can be written as

P(Ei)
=

J dx nD a(EDD)
JoE; dED IdE;/dxla(EDD).

(5)

ED and EDD are the deuteron kinetic energies in the
LAB and CM frames, respectively (EDD = ED/2).
The stopping power [18] for ED :;" 12 keV is given
by
dED
- = 3.70 X
dx

Ir.I

15

2

(6)

Ir.I
nDyED
eV - em 2

(7)

10- npdY ED eV - em

for D in Pd and

and

H+

+ D -+

3He +,(5.5 MeV).

(Ie)

Reaction (lc) is included since it has been recently
shown that the H-D fusion cross-section and reaction rate are larger than those for reactions (la) and
(lb) for E :S 8eV in the center of mass (eM) frame
[14] and is thus expected to compete with the D-D
fusion below E( eM) ~ 2.5 e V for an impurity ratio
of H / D ~ 10- 3 in electrolysis experiments. Experiment values of the cross-section, aCE), for (la), (lb),
and (Ie) have been parameterized as [15]

aCE)

= SeE) e
E

-{E G /E)1/2

(2)
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dE D
dx

- - = 0.89 X 10

-15

for D in D. Therefore, the stopping power for D in
PdD is given by the sum of eqs. (6) and (7),

dED
- = 3.1
dx

X

10

5

Y

Ir.I

ED keV/em

(8)

for npd = 6.767 X 1022em -3 and nD = npd · ED in
eq. (8) is in units of keV in the LAB frame.
With the given choice of parameterizations, eqs.
(2) and (8), the integration in eq. (5) can be done

analytically to yield the following expression for eq.

(3).
Real e( 1a )

Reale( 1b)
2.3 X 10 12 1 exp( -44 .24/ -lEi),

(9)
with I in units of amperes and Ei in units of keY
(LAB).

Since the precise form of the D+ velocity distribution in electrolysis experiments is not known
at present,we assume a Maxwell-Boltzmann distribution with and without a cut-off for high velocity
components. The temperature term, kBT, will be replaced by the "average" kinetic energy, EDD, in the
center of mass (CM) D-D frame, which is related to
the most probable velocity v(CM) by EDD =
if
(CM) with the reduced mass M = MD/2 .

t.t

Calculations for Reale (la) , Reale (lb), and Reale
(lc) for the case in which D+ is incident on D (or
For a Maxwell-Boltzmann velocity distribution,
H) in D 2 0 (or H 2 0) can be carried out in the same the D-D fusion rate, A( see- 1 / D - D pair) , for reacway, but the results will not be given here.
tion (la) or (lb) is given by [15]
The range R( E i ) of D+ in PdD can be obtained
from eq . (8) as

R(Ei)

=

J

dx

= lEi (~:) - 1

A(EDD) =

nD

2 < av >,

(12)

with

dE

l

o

or

Ee

a(E)Ee-E/EDDdE ,

(13)
where the cross-section, a(E), is parameterized (E is
in the C .M. frame) by eq. (2) which is the convenwhich yields R( Ed = 2.04.11, 6.45.11, and 20.4 A for tional form assuming non-resonant charged particle
Ei = 1 eV, 10 eV, and 100 keY, respectively. The reactions for reactions (la) and (1 b) .
range R( E i ) of D+ in D 2 0 is slightly larger than that
The D-D fusion rate for reaction (1a) , A;xp(la) ::::::
of D+ in PdD. Since individual Din Pd is separated
19
1
by '" 2.11, D+ penetrates into 2, 4, and 11 layers from 10- sec- , inferred by Fleischmann et a1.[3] from
the surface of PdD when the incident D+ energies the measurement of tritium production, and also
(LAB) are 1 eV, 10 eV, and 100 eV, respectively. the D-D fusion rate for reaction (lb), A~xp(lb) ::::::
Therefore, D-D fusion takes place within the first 1O-23 sec -1, obtained by Jones et al.[4] are often critfew surface layers of PdD and of D 2 0 surrounding icized as being impossible or incorrect when compared to estimates of A in bulk matter (an upper
the bubbles in electrolysis experiments.
limit of A ~ 10- 47 see- 1 ) [9] or to the result of
III. THE EFFECT OF VELOCITY
A6 obtained from eq . (11) . Our recent results [11]
DISTRIBUTION
for A calculated from eqs. (12) and (13) indicate
that A~:z:p (lb) :::::: (lO-23/ see ) [4J and Aexp(la) ::::::
In order to compare with the experimental rates (l0- 19 / sec) [3] are consistent with calculated values
which are usually given in units of sec- 1 per deu- of A(EDD) :::::: 10- 23 sec- 1 and A(EDD) :::::: lO-19 sec -1
terium, the theoretical D-D fusion rate (see- 1 / D - for EDD :::::: 15eV and 20 eV, respectively. Therefore,
D pair), A6 , is defined as
the claimed values of A~xp(lb):::::: (lO - 23/ sec ) [4] and
A;xp( 1a) :::::: (l0-19/ sec) [3J are physically acceptable
nD
(11) values for the D-D fusion rate in electrolysis experA6 = 2 a(E)v(CM)
iments if the applied potentials are 30V and 40V,
for a sharp (delta-function) velocity distribution respectively. To match the D-D fusion rate A(EDD)
where E = EDD = 1ofv 2 (CM) = ~v2(LAB) = of eq. (la) to the rate, A~~t(la):::::: (lO-lO/sec) [3],
~ED(LAB) and nD:::::: 6 X 10 22 em- 3 . The estimated inferred by excess heat measurements [3,4,6], an "avvalues of A6(E) calculated from eqs. (2) and (11) erage" kinetic energy of EDD :::::: 75eV is needed . In
for a sharp velocity distribution have been used to the following section, it will be shown that the above
argue against the possibility of D-D fusion in elec- remaining discrepancies can be explained by the eftrolysis experiments. However, a statistical velocity fect of electron screening.
distribution is more appropriate in electrolysis exIV. ELECTRON SCREENING EFFECT
periments as discussed in section II. It has been argued [1,2] and shown [11] that the D-D fusion rate
with a Maxwell-Boltzmann D+ velocity distribution
The expression for a(E) given by eq. (2) is valid
can become very large at low energies compared to only for a reaction in which D+ is incident on anthat with a sharp velocity distribution .
other D+ . In electrolysis fusion experiments as well

R(Ei) = 0.645

X 1O-6JEi(in

keV) em

(10)
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as in other physical processes [14], D+ (also D - or When V.. (r) = 0 and hence E .. (E) vanishes, we
D) is incident on D which is shielded by an electron recover the conventional Gamow factor, P.. (E) =
cloud; i.e., the target D is electrically neutral outside PG(E). The classical turning point, ro, in eq. (17)
the electron shielding radius (~ 0.53 A, the Bohr ra.- is determined by
dius). Therefore, the Coulomb barrier penetration
(20)
factor ("Gamow factor") in eq. (2)
From eqs.(18) and (20), it can be easily shown that
PG(E) = exp( -(EG/ E)1/2)
(14) E .. (E) in eqs.(18) and (19) is bounded by IV.. (ro) I <
E .. (E) < IV.. (O)I. In the following, two models for the
which is appropriate only for the (D+ + D+) reac- electron screening potential V.. ( r) will be described.
tion has to be modified for the case of the (D+ + D)
reactions (la) and (lb), and the (D+ + H) reac(a) The Is Hydrogen Electron Screening Potention (lc) . The modified Coulomb barrier penetration
tial.
factor ,p.. ( E), is the probability of tunneling through
the barrier to reach the nuclear surface. It can be
The electron screening potential for the target D
computed from solutions of the Schroedinger equa- (or H) in D2 gas (or H 2 gas) can be approximated,
tion for the (D+ + D) system in which an attrac- to reasonable accuracy, via the electron probability
tive Coulomb potential V.. ( r) due to the presence of density Pe( r) of the Is hydrogen electron,
shielding elections is included with the original re(21 )
pulsive Coulomb potential between two D+'s (two
protons):
where q = Z .. e/7ra~ and u = 2/ao . Zs, ZD = 1,
n?
and ao are the effective charge of the screening elec{-2M \72+VN(r)+Vc(r)+V.. (r)},pDD(T) = E,pDD(T) trons, the deuterop nuclear charge, and the Bohr
(15) ~adius (a o ::::: O.53A), respectively. p.,(r) is normal3
where VN(r) is an effective attractive nuclear poten- Ized s~ch that J p.,(r)d r = -Z.. e. The ~ou.lomb
tial of range rv 8F (twice the deuteron radius of 4F) potentIal gener.ated by p.,( r) as seen by an mCIdent
and Vc ( r) is the repulsive Coulomb potential between deuteron( D+) IS then
two D+'s,

ZDe

(16)

_

J

Pe(r') d3

1i-f'1

,

r

Z Z e2
D S
[1 _ e- UT (1
r

(22)

+ ur/2)],

The modified Coulomb barrier penetration factor, p .. ( E), which includes the effect of the electron
screening potential V.. (r) given in eq. (15) can be cal- which approaches to -ZDZse2/r as r --+ 00, as exculated in the Wentzel- Kramers-Brillouin (WKB) pected.
approximation as (retaining only the s-wave contriWe note that V.. ( r) is negative for r :::: 0 and
bution)
1V.. (r) I has the maximum value IV.. (O)I = ZDZS e2/a o
2M
= 27.17 ZDZseV at r = O. Since IVs(r)1 decreases
P.. (E) = exp[-2( h2 )1/2
(Vc(r)+V.. (r)-E)1/2dr] monotonically as r increases, E .. (E) is bounded by
rN
(17) E .. (E) ~ IV.. (O)I. As an example, at the classisr '
..
cal turning point of r = ro = ao corresponding to
T h e ellective nuclear mteractlOn range, rN ::::: 8F, E _ 735 V IV ( )1 - 19 8 Z Z V
d h
.
(17)
'th
t
I
f
- , e , .. ao D se , an
ence
.
can b e se t t ~ zero m. eq .
WI ou oss 0 ~c- Es(E) is bounded by 27.17 ZDZseV > Es(E) >
curacy. The mtegral m eq. (17) cannot be carned 198 Z Z V I . .
.
h f Z
out analytically, but can be written for an attractive Z · V D( )s~ T; ( t)IS Iv.nt(er)e~mzg2 t~(no!~T t/ a)t( or S/2=)
· I v. () 0
D,
r - Vc r + s r - De e
r 1 + ur
po t en t la, .. r < , as
"1 ar to theD
'
. I In
.
w h'Ie h'IS SImI
e ye b
screenmg
potentia

jrCl

2(21i/.f)1/2 J:Cl(Vc(r)

+ V.. (r) - E)1/2 dr
(EG)1/2
(E+E.(E))l/2

(18)

where E .. (E) is determined numerically as a function
of E by carrying out the integral numerically for each
value of E > O. The modified penetration factor,
P.. (E), is then

condensed matter and plasma physics, Z2 e2( e- kT /r)
with k- I = rs = (kBT /47rn e e2)1/2.
(b) Spherical Shell Charge Electron Screening
Potential
For a simpler potential generated by a spherical shell charge distribution, Pe(r) = (Z .. e/47rr .. r a )
8( r - ra), V.. ( r) can be written as

(19)
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ZDZS
V.. (r) = - - - 0(ra - r).
r ..

(23)

When V~ (r) is used in eq. (18) the penetration
factor becomes

where £~ = ZDZse2 /r~ is a constant independent of
E. Eq. (24) has been previously used for D2 molecular fusion [10] and for analysis of D 2 0 cluster fusion.[13]
Using eq. (19), the new extrapolation formula
appropriate for reactions (la), (1b), (lc), and other
fusion reactions is

The screening energy term E~(E) can be extracted
from the measured values [16,17] of O'exp(E) for the
D-D fusion reaction (la) and be compared with the
values of E~(E) given by the two models described
above. The values of E~(E) extracted from O'exp(E <
4keV (CM» [16,17] using eq. (25) are listed in Table I, and have large uncertainties. Therefore, it
is important to carry out precision measurements
of O'exp(E) with improved accuracies for E < 4keV
(CM). The experimental values of O'exp(E) [16, 17]
listed in Table I are measured with D2 gas targets for
which the electron screening potential is expected to
be approximately that of the Is hydrogen electron.
However, for solid targets such as TiD and PdD, the
electron screening range could be as small as a tenth
of the Bohr radius, ao /l0, since the Debye screening length k- 1 is k- 1 = r~ = (k8T /47rn e e 2 )1/2 ~
0.05A with T = 300 0 K and ne ~ 6 X 10 22 cm- 3 .
A more elaborate calculation [19] yields also k6 ~
0.05A at T = 300 0 K for n+ in Pd. Therefore, the
extracted values of E~( E) from the solid metal deuteride targets may be up to ten times larger than
values (E6(E) ~ 40 - 60 eV) extracted from the
D2 gas target [16, 17]. Improved measurements are
presently being carried out at Purdue by D. Elmore,
Y.E. Kim, D.S. Koltick, E. Michlovich, and R.G.
Reifen berger.

screening effect may explain why it is difficult to reproduce the same result with different cathode samples in electrolysis experiments and may also explain
why the reported tritium production [7,8] lasts only
for a finite period in electrolysis experiments, since
the fusion rate and cross section are very sensitive
to variation of flux and kinetic energies of D+ and
also to the electron density and screening potential
around D in the cathode surface layer, which may be
difficult to maintain and could be different for each
electrolysis experiment due to the a non-equilibrium
situation and other experimental conditions. The
extracted values of E6(E) from O'exp(E) using eq.
(25) should enable us to determine an effective electron screening potential and also the corresponding
electron density surrounding the deuterium nucleus
in the metal surface layer.

V. MUON SCREENING EFFECT
The screening effect is expected to be substantially larger for a muonic atomic or molecular target,
since the muonic Bohr radius, a~, is much smaller
than ao,a~ ~ a o/196 ~ 2.7 X 1O- 3 A for D (a~ ~
a o/186 for H) and thus 1Vf'(O) I ~ 1961V6(0)1 ~ 5318
eV (5054 eV for H) for Zs = ZD. In order to study
the muonic screening effect on fusion reactions, the
fusion cross-sections should be measured as a function of energy using a m uonic atom (or molecule)
beam and/or target for reactions, (la), (lb), and
(lc). This expected large increase of the muonic deuterium fusion rate brings up an interesting possibility that a minute amount of the background muonic
hydrogen or deuterium atoms, produced by cosmic
rays and present in electrolysis experiments might
participate in fusion reactions that compete with or
dominate over the regular fusion reactions (la), (1 b),
and (lc).

For the muon screening effect on reactions (1 a)
and (1 b), order of magnitude estimates for the fusion rates can be made with reasonable accuracy using eq. (11) for the rate A~(E) with a sharp velocity
distribution. This is because the values of E6(E) >
Since the precise form of V6 ( r) will depend on ex- 1V1'(ra) I are substantial larger than the correspondperimental and physical conditions and is not known ing values of E < 0.1 keV. For the Is hydrogen
for electrolysis experiments, it is useful to replace muon screening potential Vl'( r), the Bohr radius ao
Es(E) of eq. (19) with an energy independent pa- in eq. (22) is replaced by the muonic Bohr radius a~.
rameter £6 as in eq. (24) within a reasonable range Assuming that E6(E) = 1V1'(ra) I (which is an underestimate), the fusion rate, A~(E) = niJO'(E)v(CM),
of parametric values for £6.
for the sum of the two reactions (la) and (1 b) is calSince E6(E) in eq. (25) is expected to be of the culated at several values of E(CM) and summarized
order of 270 Z6eV for the metal deuteride targets, in table II.
the electron screening effect will playa very imporAs can be seen from table II, the observed rates
tant role when E ~ 270 Z6e V in for electrolysis of A~xp (1b) ~ 10- 23 sec- 1 /D [4] and A~xp (la) ~
fusion experiments and for other fusion processes,
10- 19 sec- 1 / D [3] can be explained if very small denas shown by a recent calculation [20J and may act
7
3
3
in part as a catalyst of cold fusion. The electron sities of niJ ~ 10 and 10 cm- , respectively, are

198

assumed (in D 2 0 or PdD), using A~ (E = 2.1 eV)
~ nt,(3.9 X 10- 26 cm3 Jsec). However, it is difficult
to maintain the background density of nt, ~ 103 '"
107 cm- 3 from the cosmic ray muons (produced by
pions, neutrino, etc .) [21]. Nevertheless, it is useful
to study the muon screening effect for reactions (1a),
(1 b), and (lc) by carrying out two types of experiments: (a) scattering experiments in which a muonic
atom (or molecule) beam or target is used, and (b)
electrolysis experiments exposed to muon (or pion)
beam from an accelerator. This later type of experiment should be examined as a possible prototype for
a practical fusion reactor .

VI. BRANCHING RATIO FOR THE D-D
FUSION REACTIONS

out based on non-relativistic four-nucleon scattering theory [23] using nucleon-nucleon forces and the
Coulomb interaction.

VII. SUMMARY
It has been shown that the effect of electron
screening may be essential in describing the electrolysis fusion experiments and other related physical
processes. When combined with the effect of velocity distribution in the context of the surface reaction mechanism, the screening effect may be able to
explain the claimed values of A;xp(la) ~ 10- 19 JD
[3] and A~xp(1b) ~ 10- 23 sec- 1 JD [4]. The effects
of velocity distribution and electron screenin~ may
also be able to explain the claimed value of Ae~;t ~
10- 10 sec- 1 JD [3].

The suppression of reaction (1 b) and the enhancement of reaction (la) at low energies have been observed in electrolysis experiments [3,7,8] contrary to
the conventional assumption of nearly equal rates
based on the charge symmetry and the charge independence of the nuclear force.

It is important to improve the accuracy of the
measurements of the cross section for reaction (la)
below 4 keY (LAB) in order to determine the magnitude of the electron screening effect on the Coulomb
barrier penetration factor and fusion rates. It is suggested that the screening effect should be investiAfter the incident deuteron penetrates through gated with metal deuteride targets and also with a
the Coulomb barrier within an effective nuclear in- muonic atom (or molecule) beam and/or target for
teraction range of 8F (twice the deuteron radius), reactions (la), (lb), and (lc), since the screening efnuclear dynamics take over for this system of four fect is then expected to be substantially larger. The
nucleons. One possible explanation for the unequal electron screening effect may provide a plausible exrates is that there may be a broad resonance behav- planation for the results of the electrolysis experiior in a(E) for reaction (la) but not in a(E) for reac- ments and also for other physical processes [24] such
tion (1 b) at low energies, which is plausible since the as the earth's internal heating [4] and the excess heat
final state Coulomb interaction is present for reac- radiation from other outer planets [24] .
tion (1a) but not for reaction (lb). If a(E) happens
The observed suppression [3,7,8] of the branchto have resonance behavior near E ~ 0, the extrapoing ratio for reaction (1 b) is expected to be due to
lation may yield erroneous values for a(E ~ 0), since
nuclear resonance and dynamic effects which involve
the non-resonant relation (2) is not applicable to resthe attractive short-range nuclear forces among four
onance reactions. Therefore, it is very important to
nucleons (two neutrons and two protons) and the
investigate the possibility of resonance behavior for
Coulomb repulsive barrier between the fusing proa( E) near E ~ 0 theoretically, and also to measure
tons within the range of 1.6 F (twice proton radius)
a( E ~ 0) directly with precision experiments. Reto 8F (twice the deuteron radius). These effects will
cent observation of neutron bursts at -30°C at a
modify the S(E) factor in eq. (25).
rate of A ~ 1O- 23 sec- 1 reported by Menlove et al.
[22] may be interpreted as the existence of a sharp
resonance in the reaction channel (1 b ).
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Table I
Extracted values of the electron screening parameter, Ea(E), for eq. (25) from the experimental
values of the D-D fusion cross section, uexp(E), for reaction (la), D(D+,p?H, at low energies,
E < 4keV (eM). ucalc(E) is calculated with the conventional extrapolation formula, eq.(2), with
S(E) = 52.9keV - b and E~2 = 31.39(keV)1/2. The superscripts a and b in the first column refer
to references 16 and 17, respectively.

E

uexp(E)

ucalc(E)

Ea(E)

(keV in CM)

(barn)

(barn)

(eV)

(8.4 ± 4.6) x 10- 9

6.06

X

10- 9

2.98 b

(2.54 ± 0.37) x 10- 1

2.25

X

10- 1

3.98 b

(2.19

± 0.13) x 10- 6 1.95

X

10- 6

2.0a

±
40 ±
58 ±

59

19
143
46
52
30
32

Table II
The fusion rate, u(E) v(CM), for reactions (la) and (1b), D(D+,p)3H and D(D+,n)3He, calculated from eq. (25) with the muon screening energy term E6(E) = 1V:(ra)l. The classical turning
point ra is in units of the muonic Bohr radius a~ :::::::: a o /186 : : : : 2.85 x 10- 3 A.

E

ra

1V:(ra)I

u(E)

u(E) v(CM)

(eV)

(a~)

(keV)

(b)

(cm 3 /sec)

0.036

6

0.844

2.1 x 10- 9

5.6

X

10- 28

0.276

5

1.01

5.4 x 10- 9

3.9

X

10- 21

2.12

4

1.26

1.9 x 10- 8

3.9

X

10- 26

16.7

3

1.67

1.0 x 10- 1

5.8

X

10- 25
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