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Limits on Cold Fusion in Matter: a Parametric Study.*
J. RAFELSKI, M. GAJDA, D. HARLEY and S.E. JONES'*,
niversity of Arizona —The rate of nuclear fusion of ded
hydrogen isotopes is studied as a function of several parameters,
and is found to be critically sensitive in a regime of the parame-
ter space that could be of physical relevance and also atcount for
the fusion rate recently measured by Jones et al. The fusion rate
in the (dde)* ion-like structure is computed as a fusiction of the
maximum allowed hydrogen separation and as a function of an
effective electronic mass and charge, leading*t0 a fusion rate of
the needed magnitude. These numerical eXercises highlight the
extraordinary sensitivity of the fusionfatéto the physical param-
eters and the environment characterizing'the system in which the
(dde)* complex is embedded At is further shown that the effect
each of these parameters has on the fusion rate is cumulative and
that a neutron rate of 10723'§~! per atom is obtained with a plau-
sible bination of these The fusion rate resulting
from a low energy, lgss\ Lhi:g 100 eV d-d scattering description is
also computed an. owh to be too small.
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Fusion Rates for Hydrogen Isotopic Molecules of Relevance fonCaMd Fu-
sion* K. SZALEWICZ, J.D. MORGAN [IT: U_ Delaware; HJ. MONKHORST
LU_Florida. — In response to the recent announcements of ¢, for room-
temperature fusion in the electrolysis of D;0, we have ana]yz(m d How the fusion
rate depends on several factors, including the reduce&mkofelhe fusing ou-
clei and the degree of
within the adiabatic approximation emp]oym; an ;ccu%u Born- Oppenhelmer
potential energy curve and including the adiab: d relativistic corrections
We have also used the WKB approximation %jjﬁphys the essence of these
!

factors. Our results predict fusion rates fo und vibrational states up to
14 orders of magnitude larger than prevj imated and exhibit a strong de-
pendence of the Coulomb barrier pé
pair of nucleons. We have fou
is enhanced by several orders of magnitude, which may be of particular signifi-
cance in light of the experimeptal evidence for the importance of non-equilibrium

conditions. To assist in the ihvestigation of whether a ‘heavy electron arising
from complicated colle, solid-state effects could play a role in the enhanced
fusion rates seen in, ifents, we study how the Coulomb barrier pene-
tration factor de| n the mass of a hypoth: I particle (or q P le)

of charge 1. We ine the issue of whether the excess heat observed in one of

0uld arise from the aneutronic fusion reaction p+d —>He+7v

der the conditions implied by the measurements of the neutron
eaction d+d —>He+n. it is unlikely that the excess heat observed

e groups could arise from p + d fusion.

orled by the NSF and by the Division of Advanced Energy Projects. DOE.

<

Krzykzybf Szalewicz

Department of Physics and Astronomy
University of Delaware

Newark, DE 19716
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BROWNE. R. G. GOODRICH, P. N. KIRK a% . ZGAN-
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JAR. L.S.U. — We present a simple model fc induction
of nuclear fusion in metals through the ation of neutral
and charged deuterium complexes similal?he mechanism of
muon catalyzed fusion. The role of aterials properties
of Pd and other metals in enhancin sion rate will also be
discussed. We are currently taki urements on a sample

of Pd and a heavy fermion mét. d will present the results
of our experiment in light e model.

*Supported by LSU CK for Energy Studies
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Cold Fusion, May“l,“Tysy

Sources of Neutrons and TritiumVfrom

D-Li-6 Mixtures. Lawrence Cranberg| ADN, Inc.

he work of Fleischmann, Pons ~and Hawkins (1)
claims detection of room temperatuge fusion of
deuterons based in part on detect¥on of neutrons
and of tritium in electrochémical experiments
with vessels containinggmixturés of compounds of
deuterium and lithiumz6, Alternative, well-known
nuclear reactions induceW, by ambient gamma-rays
and neutrons in the experimental materials are
suggested, together With suitable control
experiments to measlire those effects. It is
significant to doteénthat a negative result on
(1) or on the Work’of Jones et al. (2), with
experimentalgeNls Teplaced by a blank or
hydrogen-fil¥ed cell is not a check on the
proposed. Zround sources.

Ea M eischmann, B. Pons, M. Hawkins, J.

Elect alytical Chemistry, 261, 301 (198y).

2 * Jones, E. P. Palmer, J. B. Czirr, D. L.
PUG L dTansen, J. M Thorne, S: E.

Tor, and J. Rafelski, Preprint of article

@ baitted to Nature.

Submitted by Lawrence Eranber%?h. BES
APS,

Fellow,

1205 Constant Springs Dr.,
Austin, TX 78712

April 23, 1989
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for Fusion Products Using X-
Ray M. R. DEAKIN, J. D, FOX) K. W.
KEMPER, E. G. MYERS, W. N. SHELTONf and J. G.

SKOFRONICK, Elorida State Univefsity.* -- The
fusion of deuterons should produce energetlc
protons in about half thes reattions in an
electrolysis cell with, Pt\ anode and Pd
cathode. Our cell is spégially constructed
with a thin window so| that K x-rays of Pd,
excited by charged «fusion products (mostly
protons) can be detected. The background of
the x-ray detector) 3'\counts per hour in the
vicinity of the Pd K“x-rays, corresponds to
fewer than 50 fusions per second cr_gotusicn
energy release ‘rate of less than 10
in the JPdNcathode. The cell has been
operated for two weeks as of 4/29/89.

*Supported by the National Science Foundation
and, the)state of Florida.

Submitted by:

JAD. Fox, APS Member
Department of Physics
Florida State University
Tallahassee, FL 32306
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usion i lectrolytic Cells, D.R. McCRACKEN,
J. PAQUETTE, R.E. JOHNSON, N.A. BRIDEN, W.@.“CROSS, A.
ARNEJA, D.C. TENNANT, MA. LONE AND W.JENBUYERS, Chalk
River Nuclear Laboratories, - A variety of electrolytie” cells have been
studied having palladium cathodes in the form of gwires, tubes, rods or foil
and having anodes of platinum wire or foil, or_0f”nickel tube. Some of
these cells have a cylindrical configuration similar to"the cell in which cold
fusion is claimed by Fleischmann and POns™“t6 have occurred. The
clectrolyte was 0.1 molar LiOD in virgin B,0. An AECL wet proofed
catalyst above the cell was used t6 recombine the evolved D, and O,.
Current densities up to 140 mA/ctn?%have’ been applied. Arrays of 3 to §
3He detectors were mounted beside each cell in a central 20 cm cavity of
a large 130 cm x 120 cm x 90 ém wax neutron shield. This gives a very
low, constant background @f%30™%: 2 counts/hour summed over all five
detectors or 18 : 2 countsy/hour “for three detectors. After running the
cells for times of three Yo f6Ur days no excess neutrons were observed
above background. . TeJeells were run mainly in continuous mode but a
search for trapsient deutrons was also done after switching on the current.
No measuralfle /€xcess heat was observed in the water from the cooling
jacket. [n aYeell’ without a recombiner the enrichment in tritium in the
electrolyte ‘was not inconsistent with. the range of D/T separation factors
that at palladium electrodes.
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The Cold Fusion Rate of d-d in PdDx Hydride and the armchﬂa‘w\g&:
of He-4 to (p,n) Production Reactions. Hiroshi
National Laboratory
Many electrons from the d and s conduction bands of PdDx hydride pile up near

i e o U e e process of He-4 to (p
extremely small in the collision experiment, and the transition fi
channel in cold fusion to the ground He-i Os state by el)ttln&

wave

-ray is prohibitive. The He-4 production process of emitting
electrons becomes appreciable, and to get an extremely 1 hing ratio
requires the coherent direct excitation of optical phonon: Dx hydride
or coherent tation through the ectrons by a
the strong electron lattice coupling.-- This work isesupported by DOE

Advanced Energy Project Division.
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Upper Limits to Fusion Rates of Is
drogen Majecules at High Elcetron Density
B enn L MITE TS, Mo A LBERG S REAS ang ] MU
TRE de LEON. Univ. of Washington.— We lfae studied upper
bounds for p-d and d-d fusion rates in a degen: ectron gas as

a function of screening electron density 1@ d confinement.
5

potential in a Pd lattice. At tetrahed d octahedral (0)
sites of saturated PdD we estimate etween 2.0 and 2.8
ao. which gives an upper limig of /¥ for p-d and 107%7/s

for d-d. A rate 1072° s would r, of 0.27 ag for p-d.
Confinement by the Pd atoflis cor

ably enhances these rates.
With a T-site hard cell rddiu o we obtain upper bounds
of 10-2° 's and 1024 5 respectively: rates at O-sites are lower.
However. a more realistic confinement potential at the T-sites is
softer and gives opt¥ st moreover. occupation of T-sites
is chemically (a ha sv.ru(lunl!)) unfavorable. given a D
confinement e; t 30 eV. We conclude that fusion in

e T-site, but even there at rates sigaif-
cantly I
* Suppor

oted experimental values of 10717 - 1072 s.
part by the DOE and the NSF.

Lawrence Wilets
Department of Physics,
University of ¥ashingcon
Seattle, WA 98195

AQ)




Calorimetry, Neutron Flux, Gamma Flux, and Tritium Yield from Electrochemically Charged
Palladium in 0;0

Nathan Lews, Charles Bames, and Steve Koonin

California Institute of Technology @
Pasadena, CA 91125 \0

We report the results of our work on cold fusion using

e have used extremely

sensitive neutron, gamma ray, and photon counters, and Q‘u upper limits on the flux of
expected nuclear products emitted from charged Pd \ Liquid scintillation counting has been
used to measure tritium production, which at’background levels for extended periods of time.

However, a subtle chemical i that generates chemil has been shown to yield

trituim signals and lead to over!s!lm% fusion yield based on tritium production. We have aiso

nd have identified several serious errors that can make the

performed accurate, calibrated X
measurements appear to sr@u power production. When these common errors are efiminated. a

corect energy oBlained. We will also discuss the calorimetric experiments performed by the
Utah researcheféy@ill explain their calculations 1o the physics community, and will clearty state the
assumptignsland corrections implicit in the Utah calculations.

%QJ
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A Search for Cold Fusion Neutrons at ORELA. D.P.
HUTCHINSON, RK. RICHARDS, CA- BENNETT, C.C. HAVENER.
CH. MA, FG. PEREY, RR. SPENCER, JK DICKENS, BD,
ROONEY, ORNL* J. BULLOCK IV, and G.L. POWELL. ¥:12
Development--A number of experiments were begun on 29 Mageh
1989 to look for neutron emission from a palladium cathode in
an electrolytic cell using a deutrated electrolyte. Several different
electrode configurations were tried. The fast nefffon detector
utlized a pair of NE213 scintillator/photofiyltipliér pairs in a
shielded enclosure. Data will be presenged, Snutite efficiency and
background level of the detector systefiy, Abpresent no aeutron
counts above the background levelyhaye Been detected.

*Operated by Martin Marietta Engrgy Systems, Inc. for the US.
Department of Energy under contract No. DE-AC0S-840R21400.

Submm?dhby
)-0. At 2 z
Signaturc of APS Member

D. P. Hutchinson
Same name typewritien

Oak Ridge National Laboratory
Bldg. 6003, MS-6372

P.O. Box 2008

Oak Ridge, TN 37831




COLD FUSION: CAN IT BE TRUE? A THEORETICAL POINT OF V. \A
J. RAFELSKI, University of Arizona, Tucson

It is shown that the fusion rates observed by th ai&@u of S.E. Jones
during electrolytic infusion of hydrogen into Pd i cathodes can
ceadily be explained by combination of standard niglear physics data

and VKB penetration integrals in the metal 1. e environment. A specific
aechanisa for the process invoking foraat: Bose macroscopic state

(drop) of deuterium ions neutralised by ctron cloud will be
described.

State of the attespts to skew the bganeding ratios of nuclear reactions
by 12 orders of magnitude tovards progesses not involving production of
neutrals (neutrons, gaamas) will be given. This would be needed

to account for production of hi ithout penetrating radiation in a
nuclear

PEocess, as suggested by @3 release of the University of Utah.
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Dept of Chemistry and William B. Wells, Dept. of
Physics, Miami university, Okfded,%Cchio—A "Cold }\.sxon"
cell patterned after thagfof ‘Eleischmann and Pons! was
constructed using Zr,Pd ‘folls instead of Pd rods. The
total volume of the electrode was 0.014 cm. At a roam
temperature of 289 Ki, !:be electrodes drew 90 mA -atn

Aa»appned,éd Presented a 6 K
ohm resister, drawing 219 mA m

temperature
:heheavy basusedtoproduoeheaurq
instead of thﬁ;ﬁods the temperature rise over the

289 K s 3 K. The process has continued for
more . No neutron measurements have been
made t,  The temperature dependence of the process
is bei i and will be reported.

ischmann and Pons J. Electrocanal. Chem., 261 301-

@ 1989)
oo Lty .

itrell William E. Wells
Profssor of Chemistry Professor of Physics
Miami University
Oxford Chio 45056
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Gammas from Cold Fusion. D. Bailey* U veM’ ; ;}‘

Toronter | ==.. = The absence of both neutrons §e ey dna

rays can be used to constrain possible cold fusi cesses in
deuterium-metal systems. In particular, milﬁ%{ cold fusion
processes in palladium producing fast pr%, tritium, *He or

“He nuclei would also usually produge-easily observable num-

bers of Coulomb excitation palla ma rays. Typical
expected yields are ~ 10* — 10% as per joule of fusion en-
ergy in lines at 0.374, 0.484, (N- and 0.556 MeV. Reported'
2.2 MeV np capture gamma Yays are consistent with the ubiq-
uitous radon daugnﬁ& 2,204 MeV background line.

* BITNET ad, ILEYQUTORPHYS

*= SupportgdyNpartby NSERC (Canada).

! M.Fle n, S. Pons, and M. Hawkins, J. Electroanal.

@ 1989) 301, and errata.
Eresiel GoluIF BioniSesion
D. Bailey

Department of Physics

University of Toronto
Toronto, Ontario
M5S 1A7

Canada
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Criterion for Cold Fusion in the Condenﬁ te
E.A. STERN"Physics Dept. FM-15, University ington,
Seattle, WA 98195 -- To increase the rate of lun%hmugh
the coulomb barrier between two nuclei of isolz::c ogen in the

condensed state. the surrounding electrons rovide a more
efficient shielding than occurs in the molec onin and Nauen-

berg(1) expressed this increased shiels irement in terms of
at least a five-fold increase in the on"mass to be consistent
with claims of experiments. F; as-Fermi screening theory
this requirement ums]ale&e t a 53 = 125-fold increase
in the electron density from its Value in the molecule. This re-

quired density is several ofders of magnitude greater than occurs
in metallic hydrides ‘ r the interstitial sites or any defect

sites where hydro de. Cold fusion cannot occur in the
iments

Researc! ed by DOE grant DE-FGO06-84ER45163.

(1) and M. Nauenberg. Santa Barbara Institute for
Th calpPhysics preprint NSF-ITP-89-48. April 1989.

$ 22/ «
e 3
Signature of APS Member

Edward A. Stern

Dept. of Physics. FM-15
University of Washington
Seattle, WA 98195




KFELA)L

oo .0 989
APR2 1 189
PACS 28.50.Ra, Abstract Submitted fo A,? ted title of
52.55.P4, 1989 Spring Meating ok_rp. S s'sTon Lu wm:s Papar
82.65-1, I e e hould b
-4 May, 1989 Cold Puslan
s

cch for Ncu(ron Pmducnon in o Palladium-
Heavy Watecr Electrolyct ROSKY, HANAN,
3 TORNE, AC. MELTSSTNOS, .ms o, -mu, Universitysof
Rochestec#* We have searched for neutrons produced, i
an electrolytic cell £illed with heavy vater (D,0) afd
having a Palladium cathode. We set a limit ofal
count/sec from 0.7 cud of Pd, operated contiduously for

t a current of 2A. This limit dw (X104 lower
than the rate claimed by Pons and Fleischmafinl for a
similar cell.

Submitted by A. C. Meligsinos
** Supported by the DOE.and|cthe NSF.

1 M. Fleischmann and(S. Pons) paper submitted to Journal
of Electroanalytical Chem.) March 20, 1989.

\ o/
(X) Sp«{.l Session on Cold Fusion LT
N /

A. C. Melissinos

Dept. of Physics & Astronomy
University of Rochester
Rochester, NY 14627
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Special Session on Cold Fusion:

ive
W. MARCHLENSKI,

1S LAM M KAITCHUCK,R MCCREERY",

, M.
AN. BOYD [, HOLBROOKE H. DYKE, The  Qhio State University.
- A careful measurement of neutron pfductien from a Pd
electrode in an electrolytic cell has been, petformed.
The neutron detection system consisted of a BC 501 liquid
scintillator contained in a 4.0/€m thiek, "18.5 cm dia.

pyrex cylinder,

by a‘plastic

shield and lead housing. [Pulse shape discrimination
was used to identify neutron signals. This system
yielded low backgroundS*with approximately 1% counting
efficiency. Initial re§ultsyindicate no neutron

production over alpériod of ‘about 40 hours of counting.

Estimates will
10 previous
studies

chey

o>

ba presented of how this may be compared
sFurther plans for more detailed

fuSion will be described, including

ses of the palladium electrode.

ariment of Chemistry

Signature of APS Member
William K. Brooks

The Ohio Slale University
Physics D

Columbus, OH 43210
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Cold Nuclear Fusion in Dense Metallic H

mplications for Astrophysics. C.J. HOROWITZ

Center, [ndiana U.*— The rate of nuclear fi
of zero point motion in very dense metallic h!
lated assuming a simple crystal of nuclei
coulomb potentials. At a density of fi) the fusion rate is
10~ 59 per H-D pair per second, T n may not contribute
to the heating of Jupiter unl e efficient mechanism is
found. However increasing, denSity to 300 to 2600 g/cm?® in-
creases the rate to 1021 to 1052 sec™ 1. It is speculated that
a cold condensed object %ith a small amount of deuterium could
be reheated via p + fusion and start conventional ther-
monuclear fusion.

*Supported by v&

$ Submitted by

Charles J. Horowitz

IU Nuclear Theory Center
Milo B. Sampson Lane
Bloomington, IN 47405




	19890502 APS Abstract DSC_0086
	19890502 APS Abstract DSC_0087
	19890502 APS Abstract DSC_0088
	19890502 APS Abstract DSC_0089
	19890502 APS Abstract DSC_0090
	19890502 APS Abstract DSC_0091
	19890502 APS Abstract DSC_0092
	19890502 APS Abstract DSC_0093
	19890502 APS Abstract DSC_0094
	19890502 APS Abstract DSC_0095
	19890502 APS Abstract DSC_0096
	19890502 APS Abstract DSC_0097
	19890502 APS Abstract DSC_0098
	19890502 APS Abstract DSC_0099
	19890502 APS Abstract DSC_0100
	19890502 APS Abstract DSC_0101
	19890502 APS Abstract DSC_0102
	19890502 APS Abstract DSC_0103

