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Low-intensity nuclear emissions (neutrons andprotons are better detected than with the Au/Pd/PdO:H
charged particles) due to exothermic deuterium desorpsystem, where those detection rates for n and p did not
tion from Au/Pd/PdO heterostructure loaded with deu-exceed the cosmic background level. The levels of neutron
terium by electrolysis have been studied by NE213 neutroand proton emissions for 40- to §0m-thick samples
detection as well as SSB and CR-39 charged-particle deare found to be close to one another and after subtracting
tectors in low-background conditions with large statis-background (Au/Pd/PdO:H count rate) consist pH
tics. Similar measurements were performed with the Au(19 + 2)-103n/s and ) = (4.0 +1.0)-103 p/s in a 47
Pd/PdO:H heterostructure as a control. It has beensolid angle, respectively. These yields of D-D reaction
established that in experiments with the Au/Pd/PdO:Dproducts in Au/Pd/PdO heterostructure comply with the
system, the excessive 2.45-MeV neutrons and 3.0-MeWean D-D reaction rate ofyq ~ 10-23s~ per D-D pair.

I. INTRODUCTION search groups in various countries, there are no convinc-
ing nuclear data that would confirm generation of D-D

The problem of lattice-induced nuclear reactionsreactions in solids at room temperature. In dozens of such

(LINRSs) or the existence of so-called cold fusion is still experiments on neutron and charged-particle detection,
open. Despite 10 yr of the intense efforts of many rethe problem of the very low intensity of the observed
emissions has been complicated by total irreproducibil-

*Also affiliated with New Hydrogen Energy Laboratory, Insti- ity of nuclear resultd=2 Very often, results obtained in
tute of Applied Energy, Sapporo 004, Japan. one place could not be replicated in another. Note that
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the presence and reproducibility of nuclear emission imal D-D reaction enhancement at very low deuteron
deuterated solids depend at least(anthe type of ma- energy should be expected for a A/Rd/PdO:D hetero-
terial and crystalline structure of sampfedy) the man-  structure compared to other metal-deuteride systems, in-
ner of sample excitatiotelectrolysis, gas loading, phase cluding pure Pd.

transitions, strain, fracture, temperature change),&tt. Itis important to emphasize that(®l) desorptionin
(c) the thermal neutron background conditfoh(d) the  Au/Pd/PdO:D heterostructure samples is essentially an
purity of the D used;® etc. exothermic process in spite of the weakly endothermic

All these features of LINR allow the formulation of character of H desorption from pure Pd metal. The main
this phenomenon as follows. Under these terms, LINRause of exothermic H desorption in a ARd/PdO:D
(with respect to D-D reactioncould be regarded as an sample is the presence of a PdO layer at the surface, be-
anomalougdin terms of conventional nuclear processescause Pd oxide acts as a catalyst for the strongly exo-
in vacuum, random, and rare nuclear effect in a crystal-thermic H+ H — H, reaction. Moreover, the Gorsky
line lattice of essentially nonequilibrium deuterated sol-effect'! that induces D transport to the PdO surface due
ids, which are induced by sharp changes in their structurép mechanical strain also makes it possible to decrease a
i.e., phase transitions, D loading, mechanical strains, etsurface barrier for D desorption and in this way to re-
In these circumstances, the LINR might be caused by gimove endothermicity of the desorption process in a
gantic fluctuations of elastic energy in a crystalline lat-heterostructure.
tice. Accordingly, to generate a D-D type of nuclear  Inthis paper we show the results of D-D neutron and
reaction in a Pd lattice, a principal condition could beproton measurements carried out during spontaneous and
the creation of large fluctuations of elastic energy in theénduced deformations following exothermic D desorp-
sample andor high screening potential for a deuterontion in a thin Au/Pd/PdO:D heterostructure loaded with
Coulomb barrier. In terms of elastic energy fluctuationsD by electrolysis. We demonstrate that in experiments
it is implied that it is necessary to introduce a high con-with the Au/Pd/PdO:D system, excessive 2.45-MeV neu-
centration of nonequilibrium phonons in a crystalline lat-trons and 3.0-MeV protons are detected, as compared to
tice, which can produce a phonon-laser eff@étreation the Au/Pd/PdO:H system, where detection rates for neu-
of multiphonon excitations For instance, such phonons trons and protons did not exceed the cosmic background
could be generated in the process of exothermic D ddevel. The levels of neutron and proton emission are found
sorption-13from the specially prepared Pd heterostructo be the same order of magnitude, and after subtracting
tures loaded with D during their spontaneous and induceldackground Au/Pd/PdO:H count ratg they are equal
deformations with or without heating. tol,=(18.5+0.18 X 10 3n/s andl, = (4.0+ 1.0) X

In 1992, a AyPd/PdO heterostructure was devel- 102 p/s, respectively, in the# solid angle.
oped and studied at the Institute of Physical Chemistry
of the Russian Academy of SciendéBS/RAS) in Mos-
cow. It possesses a high D capacity at electrochemic
loading, and D transport in this kind of heterostructure i
more intense than in pure Pd foils due to the very high
mobility of deuterons at the Pd-PdO interfdéeDuring 1A Sample Preparation and Characterization
spontaneous deformation accompanying the fast exother-
mic D desorption, this heterostructure demonstrates neu- The Au/Pd/PdO heterostructure samples with thick-
tron emissiorimeasured by Bfproportional detectoj$?  nesses of 8 to 30am (typical areaS = 45 X 20 mnv¥)
With external deformation applied to the samples, the neutsed in our experimentd'3were produced at IPRAS.
tron emission character became more uniform and reprdrhe 99.99% pure cold-rolled Pd foflshat were taken
ducible!® Later, the observation of charged particles in afor sample production, before manufacture of the hetero-
similar heterostructure system was reported. structure, had been subjected to annealing in vadyumsm

Recently, at a low-energy deuteron implantation10~7 Torr) at temperaturd, = 1273 K far 5 h at aheat-
(2.5 < E4 < 10 keV) in a Au/Pd/PdO heterostructure, ing rate of 10 K/min and cooling rate of 1.5 nin. To
the highest screening potentidJg = 600 eV, was ob- form an oxide layer on the foils’ surface, they were heated
servedt® which also indicates the excellent conditionsin an oxygen flameby propane-oxygen torch &, ~
for deuteron screening in these kinds of samples, despite220 K) for 5 to 10 s. As a result, a carbon-containing
a small loading ratiqx = D/Pd = 0.13). At the same thin oxide layer of PdQC, (x ~ 0.57,y ~ 0.08, in ac-
time, for instance, Ti metal with a very high loading ratio cordance with secondary ion mass spectrometry) tata
(x = D/Ti = 3.76) demonstrated a very low screeninging a gray or, sometimes, pink color with a thickness of
potentiali® close to that foa D gas targefiseveral tens ~35+ 10 nm was created on both sides of the Pd foils.
of electron volts(Ref. 17)], while for Pd metal foils the After this procedure, one side of the Pd@x/PdO het-
screening potentialUs = 250 eV,x = D/Pd= 0.23 is  erostructure obtained was covered by a “Teflon mask”
much higher than for Ti but still lower than for a hetero-
structural target. The Ref. 15 results mean that a maxiFrom Nialco Corporation.

. EXPERIMENTAL TECHNIQUE AND METHODS
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[polytetrafluoroethylenéPTFE) lacquel, and a0.1am-  one, the AyPd/PdO samples$that had no prior contact
thick gold coating was deposited on the sample’s free sideith D) with H were loaded.
by an electrochemical technique. The deposition of Au
on the PdO free surface was carried out with the stany g Neutron Measurement System
dard cyanic electrolyte for gold platifgthat does not
contain iron group metals and organic lustre agents. The To detect neutrons from the cell with compressed Au
current output of the deposition process-i$00%, which  Pd/PdO:D (H) samples, two separate 5-in. NE-213
excludes a H evolution at the PdO surface and, thusliquid-scintillator detectors were installed at a distance
prevents a possible PdO reduction. After finishing theof 24 cm from each othgfFig. 1). To decrease a natural
Au/Pd/PdO heterostructure preparation, the sampleseutron background, the detectors were surrounded by
produced underwent final annealing in vacuum at 573 Kboron-containing polyethylene, and the entire setup was
(after PTFE lacquer mask removal with acetptere- placed in the underground laboratory of Hokkaido Uni-
move possible volatile contaminants that could be sorbedersity under 10 m of heavy concrete. Because of this
by samples during preparation. underground shielding, a one-order-of-magnitude de-
To load heterostructure samples with D ofirlblank  crease in neutron background was achieved as compared
experimenty the electrochemical method was applied.to ground-level conditions.
Electrolysis was carried out in a special glass cell with  To increase the accuracy and reliability of neutron
cathodic and anodic spaces separated to prevent O cospectra measurements, the high-gaystem }and low-
tact with the cathode during electrolysis. The electrolytegain (system 2 methods have been used simultaneously
was a IM solution of NaOD in DO or 1M NaOH in  for neutron detection. The high-gain system is operated
light water, a Pt sheet was used as an anode. Electrolysisthe 0.8- to 3.5-MeV range of proton recoil edge, while
time, depending on the sample thickness, varied fronthe low-gain system is between 1.0 and 7.1 MeV. To ex-
5 min for 8.um samples to 90 min for 30Qm ones at clude detection of gammas during neutron detection, the
direct current density of 20 mAm? A golden ohmic pulse-shape analyzer was used, which allowed a high level
electrical contact has been used for electrolytic loadin@f confidence in separating gamma and neutron pulses.
of heterostructure samples. To prevent a voltage dropo prevent uncontrolled electromagnetic noise signals via
across the ohmic contact, it must not be immersed in eleground circuit, a noise cut transformer was introduced to
trolyte during the loading procedure. Under the electrolthe power supply input.
ysis conditions used, the mean loading ratio in the samples The energy scale calibration of both detectors was
after completion of electrolysis, determined by both thercarried out with a?Na standard gamma source by de-
mal desorption and anodic polarization techniques, watermining the proton-recoil distribution. The effective
approximatelyx = D/Pd = 0.70 (if normalized to the neutron energy corresponding to the proton edge was cal-
total volume of the sampjelmmediately after electrol- culated on the basis of the known response functions of
ysis, the samples were removed from the cell, washed idetectorg®°
pure heavyor light) water, slightly driedto prevent ther- Neutron-energy calibration of the detectors as well
mal flash, and fixed in the sample-holder. The elapsedas determination of detector efficiency was carried out
time between the electrolysis rapture and the start ofvith a 2>°Cf neutron source with intensity= 2.0 x 10°
nuclear measurements was usuallyto 2 min. For neu- n/sinthe 47 solid angle, which was installed in the sam-
tron and CR-39 track detector measurements in air atmgle position(between the two detectgrsThe distribu-
sphere, a special sample-holder was designed that allow&dns of a number of proton recoil pulses versus neutron
tight compression of the AIPd/PdO:D(H) samplegin  energy in logarithmic coordinates have a quite uniform
the normal direction toward the large face of the samplelinear character as a smooth function, diminishing with
and, thus, produced essential strain in thHer20 MP3.  neutron energy increase, for both detectdiig. 2). This
In this case, self-heating of samples was achieved durinfg.ct indicates that the detection systems adjustment and
their exposure in air atmosphere due tqI®) exother- operation are adequate for taking low-background spec-
mic desorption heat and recombination of D moleculesral measurements and detection of 2.45-MBEVD) neu-
with O. After long-term strain, the D desorption from the trons. The efficiency of measurements in reference to fast
samples has a non-uniform character with a mean rate ofutrons is as follows: for system d;, = 4.8%; for sys-
(vp) ~ 10 to 107 at.D/s-cm? After 20 h of mechanical tem 2,e, = 5.1%. In energy intervals corresponding to
loading, the residual D concentration in the sample athe 2.45-MeV neutron peak locatid2.0 to 3.0 MeV,
room temperatur€l = 290 K) was found to be-10% of  the efficiencies were; = 4.0% ande, = 4.7%. There-
its initial value. fore, the total efficiency of neutron detection for a cou-
In the case of charged-particle measurements iple of detectors used in the energy interval of interest is
vacuum, the samples were fixed in a stainless steel9%. We must emphasize that the detector efficiency and
sample-holder at both ends by clanigeasi-spontaneous neutron background condition used allow an increase in
deformation regimg In background runs carried out for sensitivity with respect to 2.5-MeV neutrons in our ex-
the same experimental day before or after the foregroungleriment by at least one order of magnitude compared to
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Fig. 1. The NE-213 neutron detection facility.

previous well-known spectral neutron measuremhts ton spectral range from 2.5 to 3.5 MeV. To this end a

in metal-deuterium systems. high-efficiency(e = 12%) ORTEC SSB detector with a
large surface are@= 900 mn?, h = 150 um) has been
I.C. Charged Particle Detection Systems used at the New Hydrogen Energy Laboratory in vac-
uum conditions similar to those used for total spectrum
II.C.1. SSB Measurements measurement.

) After loading, washing, and drying, the sample was
Measurements of the total spectra of charged-partiCifyed at both ends in a stainless steel sample-holder
emission were carried out for samples with thickness fromrg. 3) by clamps. The sample-holder was provided with
40 to 60um at the Department of Nuclear Engineeringa heater that allowed heating the samples up to 373K at
of Osaka University. A vacuum setup, which is shown ing rate of~5 K /min in the linear regime. The typical du-
Fig. 3, was used also with an electromagnetic noise suRation of sample exposure was3 to 5 h atT = 300K in
pression system. The distance between the SSB detec{pickground runéwith Au/Pd/Pd:H samplesas well as
window and the sample surface was fixekat 1.0 cm.  jn foreground ones. Owing to intensive D desorption, the
The ORTEC SSB detectdthicknessh = 150 um, area  pressure in the vacuum chamber was constant at a level
S= 100 mn¥) had a discrimination threshold 6100  of ~10-2 Torr during the measurements.
keV to eliminate low-amplitude noise signals. Typical
background spectrérig. 4) for ~1 week of continuous || c.2. Application of CR-39 Track Detector
observation have sharply decreasing shape versus en-
ergy and generally do not contain events with energies To confirm the results of SSB measurement and to
higher than 7.7 MeV. The background count rate in theeheck the yield of @d, p) T reaction, an independent
energy interval of interedtl to 4 MeV) in which D-D  CR-39 track detector technique has also been applied to
protons have been expected is very low and has not exletect charged particles. To improve the accuracy of
ceeded 0.15 coupih. The detector efficiency deter- CR-39 detection, we searched simultaneously for tracks
mined with a?4’Am alpha source installed in the sampleof 3.0-MeV protons and 1.0-MeV tritons that are both
position was 3.4%. the products of the [, p)T reaction. To this end we
To establish the thickness dependence of 3-MeV prodetected solely double proton-trit¢pt) events, consist-
ton yield, a special series of measurements with samplésg of 3-MeV proton and 1.0-MeV triton tracks, respec-
between 8 and 30@m thick were carried out in the pro- tively, which could be emitted from the same space point
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Fig. 2. Distribution of proton recoil pulses as a function of neutron energy witff@f neutron sourcéa) for the high-gain
system, system 1 an) for the low-gain system, system 2.

of the heterostructure surface, i.e., as a result of differertached to the detector was subjected to temperature cy-
D-D reaction. cling from room temperature to 323 K and spontaneously
In the CR-39 experiments the 30m-thick hetero- cooled back during a 1-h period.

structure samples of Pd®d/PdO:D(H) and detectors The calibration of CR-39 detectors by D-D reac-
with dimensions 4x 2 cn? have been used. After the D tion products was carried out with a high-current low-
loading procedure, the sample was tightly fixed on theenergy deuteron generator in the Laboratory of Nuclear
surface of the CR-39 detector by a sample-holder similaBcience of Tohoku UniversitySendai, JapanThe yield

to those used in neutron measurement. The sample aif the D(d, p) T reaction from the TiD target under
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trum obtained for a long detection tinfe-1 week at
Osaka University.
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Input = 2. The centers of these tracks must be located at a
distance<16 wm, in accordance with maximum diver-
gence of proton and triton tracks generated in the D-D
reaction, which are emitted from the same point on the
sample surface, taking into account critical detection an-
gles for these particles in CR-39 detectéts.

The micrographs of several possible candidates for dou-
ble pt tracks, which satisfied criteria 1 and 2, are pre-
sented in Fig. 5b. Taking into consideration the critical
angleg®for 3.0-MeV protong®, = 30 deg and 1.0-MeV
tritons (0, = 50 deg in CR-39, the efficiency of the
Fig. 3. Vacuum setup for SSB charged-particle detection. Irsimultaneous detection of pt events by the CR-39 track

insert the arrangement of A®d/PdO:D(H) hetero-  detector used has been evaluatedas: 4.7%.
structure sample is presented.

Stainless Steel

I1l. EXPERIMENTAL RESULTS AND DISCUSSION
bombardmentwith a 10-keV deuteron beam has been used
for calibration experiment. In accordance with calibrationlll.A. Neutron Measurements
measuremerifig. 53, the track diameters of protons and .
tritons from the Od, p) T reaction taking place in the thin was-ljjf :?tlacl)ernseaas#(;ef?reggtlgnaitlzgtrgigg;ogegrfgsng runs
targ%lgﬁgiﬁft?éﬁrcv%rtﬁa?sz?bdugg;n’ﬂziscpgc_g\éerlﬁlétesThe duration of a run in background apd foregro_un_d var-
have undergone an etching procedu’re inM Solution |ec_l from 2000 to 60000 s. The total differences in inten-
of NaOH far 7 h atT = 343 K. The track diameters were sities of emission in foreg_round and backg_round runs and
measured with an MBI-9 miéroscope The choice of pro_fuII expected errors for different spectral intervals were
. X ' - calculated separately for high- and low-gain systems in
ton and triton tracks generated in the Same surface' S't%%:cordance with “combination of independent measure-
(p_t e\_/ent$ has to be in accordance with the following ments with unequal erroP? In Fig. 6 a typical sequence
criteria: of neutron detection during one experimental day, in-
1. Tracks with a clear circular or oval shape mustcluding background and following foreground run, is
have diameters of 5.0 to 5/om for protons with energy presented. In the background rghu/Pd/PdO:H sam-
between 2.5 and 3.0 MeV, and 6.5 to b for tritons  ple) one can see only eventsounts within 50-s dura-
with energy between 0.5 and 1.5 MeV. tion) that did not exceed the level of three standard
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Fig. 5a. Distribution of track diameters for charged particles
(p, t,He) from the D-D reaction, obtained during the
calibration procedure with CR-39 track detectors.  pandent detectors as a result of subtracting background
spectra from foreground spectra. The results obtained have
a high level of confidence within this maximuftaken
for 120 channelsand correspond to four to six standard
deviations above the zero poiritsigs. 8a and 8b At the
same time, for both detectors in the lower energy inter-
val (E < 2.3 MeV), there are no significant results that
could exceed the background level, while for the low-
gain system, a broad additional band that is located be-
tween 3.0 and 5.0 MeV has been observed.
10 bm In Figs. 9a and 9b, more detail is shown for the back-
A ground subtraction within the 2.0- to 3.0-MeV energy in-
Fig. 5b. The micrographs of three possible candidates for pt[erval for h'gh' and low-gain systems for 20 c.hannels. A
double tracks, which satisfy the criteria of théDp) T ¢/€ar maximum is apparent for both systems with thet2.5
reaction observation. 0.1 MeV position that within the calibration error we can
ascribe to D-D neutronéE = 2.45 MeV). The average
count rates of the D-D neutron emission calculated as a
statistical sum of counts inside the 2.5-MeV peaks were

deviations. At the same time, in the foreground that wa$2N)1 = (9.50£ 1.08 X 10"* counts’s (560 to 800 ch
measured just after the background run, three events wepé 2300- t0 2850-keV interval in Fig. 9dor system 1
observed with a statistical significance of more than fouranOI<AN>2 = (7.20+ 1.28 X 10. count;/s (.1260 to
standard deviations above the mean error level. The neg#10 ch or 2300- to 2900-keV interval in Fig. for
tron emission as a function of time usually has a nonuniSYStem 2. One can see that these count rate values are
form characteras well as D desorptionhowever, an close to one another. The mean count rate for two inde-

excess above background level was observed for 10 Rndent neutron detectors was, therefsdy) = (8.35+
15 h for Goﬂm—thickgsamples. l8).82) X 10~“ county's, or taking into account the total

Comparison of neutron spectra obtained during alffficiency of the detection system, the intensity of D-D

background and foreground runs for both the highl"€utron emission in# solid angle was

(Fig. 7@ and low-gain(Fig. 7b independent systems |, =(1.85+0.18 X102 n/s .

demonstrates a significant excess in the count rate for

the foreground spectrum against the background one in  Note that the presence of the 2.5-MeV peak in this
the 2.4- to 2.8-MeV energy range as well as for the highease is not accompanied by a broad continuum from the
energy range up to 5.0 Melfor the low-gain systemIn  low-energy side, as would be expected for the higher-
Figs. 8 anl 9 a noticeable maximum of the count rate inintensity D-D neutron production. The absence of such a
the 2.4- to 2.9-MeV interval is observed for both inde-continuum could be attributed to the low intensity of
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Fig. 9. Difference between the sums of all foreground and background neutron spectra within the 2.0- to 3.0-MeV energy interval
taken for 20 channelga) for system 1 andb) for system 2.
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neutron emission observed. When the background coutistical treatment is presented in Fig. 11. The excess un-
rate atE < 2.0 MeV is sufficiently high due to features der background runs takes place only in the 1- to 3-MeV
of the response functigiproton recoil spectiafthe NE-  energy interval with a clearly pronounced statistically sig-
213 (Fig. 73, it would be impossible to observe essen-nificant maximum between 2 and 3 MeV. Note that for
tial excess above the background in the neutron energsharged-particle emission, due to very low background
interval that is located below the 2.5-MeV peak positionand relatively short timécompared to neutron detec-
at very weak emission intensity. On the other hand, théion) of measurement at Osaka University, the statistics
broad continuum from the high-energy side, observed uswcollected are several times lower than for neutrons. How-
ally for D-D neutrons'? exists and extends to 5.0-MeV ever, the total result for the 1.0-to 3.0-MeV interval after
neutron energyFigs. 8 and 9pdue to the low-background subtracting AyPd/PdO:H background is statistically

level of NE-213 att > 3.0 MeV (Fig. 7b. significant:
To estimate the influence of the mechanical strain .
on intensity of neutron emission, additional experiments (ANp) = (1.46+ 0.40 X 10“ county's .

with the same samples have been carried out in the a
sence of external plastic deformatiofn ~ 2 < 10° s). In
this case, after subtracting background data in the enerég
interval of interest2.0 to 3.0 MeVj, the effect was only
(AN) = (2.00+ 1.78 X 10 “ countys, i.e., close to l, = (4.0+1.0) X 103 protong’s .
zero within the experimental error. Moreover, the maxi-
mum near 2.5 MeV for unstrained samples was not obHere, to estimate the total D-D proton yield, we used the
served as well as in neutron time distributiOfig. 6).  entire energy interval of 1.0 to 3.0 MeV taking into ac-
There are no events that exceedaalBackground level. countthe opportunity for protons to escape from the bulk
Therefore, data obtained allow a definite conclusiorof the heterostructure, i.e., not only within the subsur-
about actual observation of D-D neutr@®= 2.45 MeV)  face layer but also from a depth efl to 10um that is
generation in the process of the exothermic D desorptiopossible during spontaneous heterostructure deforma-
in a mechanically strained AtPd/PdO:D heterostruc- tion and D moving between the PdO surface and the op-
ture. Note that, in fact, the influence of random back-posite sidéAu coating .’ In this case, the escaped protons
ground fluctuations and distortion of spectral dedae  would lose~0.1 to 2.0 MeV in accordance with their
to difference in foreground and background neutron scastopping range in Pd met#l.In reference to our estima-
tering inside the experimental sejum@ve been excluded tion for the most probable proton energy corresponding
in our work, owing to the us€irsttime inan LINR study  to the 2.0- to 3.0-MeV interval, the mean depth of escap-
of two independent high-efficiency NE-213 detectors ining protons must be located in the layer at 1.0 to&n0
a low-background condition and blank Ad/PdO sam- from the surface. This makes the D-D proton detection
ples, quite identical to the foreground one, but loadedn the Au/Pd/PdO:D heterostructure more difficult and

IE?"aking into account the detection efficiency in reference
alphas from arf*’Am source, we obtain the intensity
r D-D proton emission in the# solid angle:

with H. less reproducible than neutron detection due to inevita-
] ble losses of proton flux inside the sample if the sam-
lIl.B. Charged-Particle Measurements ple’s thickness is higher or comparable to the 3-MeV

. proton stopping range in Pd.
lll.B.1. SSB Detection Results To verify the assumed D-D proton energy losses in

The total foreground spectrum for charged-particlehe sample, a specified experiment with heterostructures
detection is presented in Fig. 10a. From this figure onef different thickness has been carried out. As Fig. 12
can see that the character of charged-particle counts ashows, the 3.0-MeV proton count rate for Avd/PdO:D
function of particle energy is essentially different in ex-samples strongly depend on the heterostructure thick-
periments with AyPd/Pd:D heterostructure and in the ness(h). Thus, statistically significant excess above the
background with the AUPdO/Pd:H system(Fig. 10  background level in the 2.5- to 3.5-MeV energy inter-
as well as in a long run with an empty sampeg. 4). In  val has been observed only for samples with thickness
a background-run spectru¢fig. 100, the counts corre- h = 60 um. For the thick heterostructure samplés=
sponding to the 2.0- to 3.0-MeV energy range are almost00xm), the count rate in the vicinity of 3.0 MeV is com-
completely absent. This result is very close to data obpletely within the 3 corridor of background error. One
tained for long-term background measuremdifig. 4  can see that thickness dependence of the 3.0-MeV proton
in which the count rate in the energy interval under conyield is satisfactorily described by the usual logarithmic
sideration is very low. In the same time, for the fore-function. This fact confirms that the intensity of 3.0-
ground spectrum in the 2.0- to 3.0-MeV energy interval MeV proton emission in AyPd/PdO:D samples actually
the number of events is considerably higher than in thelepends on D diffusioexponential dependendfrough
background one. the heterostructure.

The result of subtracting the A&d/PdO:H data from In fact, the subsurface layer of any sample should be
that for Au/Pd/PdO:D and taking into account full sta- almost empty of deuterons because the surface D is rapidly
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Fig. 10. Total(a) foreground spectrum for charged particles from 40- tqu#0-thick Au/Pd/PdO:D samples in a vacuum and
(b) background charged-particle spectrum obtained withud®thick Au/Pd/PdO:H samples in a vacuum.

recombined or desorbed just before exposure at the SSBoton escape increases with sample thickness owing to
detector(for instance, during pumpinglt implies that D diffusion between PAPdO interfaces from both sides
D-D proton emission cannot be initiated in the subsurof the sample. The diffusion stimulated by mechanical
face layer, and protons escape from a certain depth of therain is more rapid in the thin samples, while in the thick
sample. In this case, the effective depth for the 3.0-Me\samples, it is very slo## and the D concentration near
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<aNY 07 ops this connection, for samples with> 60 um, according
¢h to our data, the effective depth of proton escape has to be
>5 um, and that is why 3.0-MeV protons cannot be

. T observed.

I11.B.2. CR-39 Detection Results

T In the search for pt events with the foreground CR-39
detector(S= 4.1 cn¥) irradiated in experiment with the
Au/Pd/PdO:D heterostructur®y; = 100 double pt-like
T tracks were found, satisfying Fig. 5b. In the conftdank)
T = detector(S = 2.0 cn®), which was in contact with the
L 1 'R y 5 L 5 Lo MeV

Au/Pd/PdO:H sample for the same time interval as the
-2 foreground samplelN, = 8 pt-like events were found.
The background CR-39 detect@ = 2.0 cn?) that was
" in contact with the emptyunloaded Au/Pd/PdO sam-
- ple has also demonstrated 8 pt-like events. This means
that H does not contribute to pt tracks compared to the
- empty Au/Pd/PdO sample, where pt-like events ob-
served are obviously caused by cosmic radiatioryand
Fig. 11. Total difference between all foreground and backsSpecific structural defects of the CR-39 subsurface layer.
ground rungwith full statistical treatmenfor charged- At the same time, our data in the foreground experiment
particle emission. with Au/Pd/PdO:D show an excess of pt track density
six times above both the background and control runs.
After subtracting background, the density of pt tracks gen-
the surface is negligibly low. Therefore, the probabilityerated in the thin subsurface layer of the heterostructure
for D presence at a short distance from the surface iduring the foreground sample exposure weld,; =
thin samples is much higher than in the thick ones. In(20.3+ 4.0) cm~2 Taking into account the efficiency of

Ng - 407, cps
A

Fig. 12. Thickness dependence for the charged-particle count rate in the 2.5- to 3.5-MeV energy interval for .o AS00-
Pd/PdO:D samplegmeasured with a 900-mf8SB detector in a vacuuml he average background levdashed ling
corresponds to measurement with 40- to 308-Au/Pd/PdO:H samples.
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pt event detection with CR-3@,; = 4.7% and the total under low-energy deuteron bombardment has been ob-
time of sample exposur@ex, = 7.2 X 10* s), we obtain  served only for systems with high D mobility, in par-
the mean rate of protons and tritons generated in the D-Bcular, for the Ay Pd/PdO heterostructure. In this

reaction in the AYPd/PdO:D heterostructure: connection, we can suggest estimating the D-D reaction
s g . yield in Au/Pd/PdO:D experiments using only a change
Ny = (5.9£1.1) X 10" s, in 4= solid angle . in “mobile” D concentration. With mobile D it is possi-

Note that the mean intensity of 3.0-MeV proton and 1 gPle to consider the deuterons that are desorbed from the

X o g e 'sample during experiment. Let us consider the D-D re-
MeV triton emission for CR-39 charged-particle detec action yield in terms of mobile D for two cases: the present

tion is only three times less than the 2.5-MeV neutron : . 3nrith it
emission rate, obtained also in the air atmosphere Witﬁxperlment and an experiméat® with similar electro-

. . hemically loaded AUPd/PdO:D samples that were
40- to 60um Au/Pd/PdO:D samples under mechanical " . :
strain. On the other hand, it is important that the protori%srtet?ohn giw;”raerg;?;gff flals_t spontaneous thermal D de-
emission detected in the CR-39 experiment with38- ption, T
heterostructure samples is the same order of magnitude 1. The change in mobile D concentratilp(D) can
as that observed in SSB detector measurement in a vage estimated, on average, using measurement of the D
uum. Therefore, we can conclude that the existence &oncentration in the samph(D) before and after com-
the D(d, p) T reaction in Ay Pd/PdO:D heterostructure pression in the foreground ruirig. 2). Before neutron
samples due to exothermic D desorption is confirmed byjetection(after electrochemical loadingN (D) = 1.1X
two independent detection techniques. 102° D/cm?; after finishing the foreground run with com-
pressionN?(D) = 7.0 10'8 D/cm? The sample’s area
is S= 9.0 cn¥. So, the mean rate of D desorption, taking
IV. CONCLUSIONS into account foreground time= 3.6 X 10* s (Fig. 2) is
Nm(D) =~ NY(D)S/T = 2.5 X 10%¢ D/s. And the D-D re-
We have observed a very low-intensity D-D reactionCtion yield with respect to 2.5-MeV neutrons, having
at a significant level by detection reaction products ifNtensityln = 0.02 s in 47 solid angle, isR = 1.6 x
both D(d, n)3He and DXd, p) T channel products with close 10~ reaction per D-D pair.

total intensities of~(4 to 19 X 10°° particley’s. The - 2. Forthis case, neutron detection has been carried out
lower level of proton emission compared to neutron emisyith 3 BE-3 proportional detectdwithout neutron en-
sion in our experiments is §at|sfactquly explamed by theergy analysisduring fast thermal desorption of D accom-
absorption of charged particles during their escape frofganied by spontaneous plastic deformation of the safple.
the bulk of a thick sampl€40 to 60um), whose thick- |5 accordance with Ref. 13, parameters of the experiment
ness is several times greater than the stopping range Qfre as followsN 1(D)=1.1x102°D/cm? N2(D) =107
3.0-MeV protons in Pd. N D/cm?, S= 4.0 cn? and the time of thermal desorption of
The data obtained allow estimation of an average D-Qyis - = 300 s. The neutron emission intensity was 0.92
reaction rate per D-D pair in the Atd/PdO:D hetero- n/s. Thenwe havii,(D) =1.3x 10'8D/s per sample and
structure due to exothermic D desorption. Taking into cong — 1 4x 10-18 reaction per D-D pair. At the same time
sideration the average deuteron concentrationin the sampletimation of the D-D reaction rateyq for total (initial) ’

for foreground rungNy = 1.0 10°° D/cm? of hetero- b concentration in the sample during experiment yields
structure and the mean D-D reaction yield in accordance)\ 4~ 2% 1021 s 1 per D-D pair.

with our experimental data, we obtain the mean rate ofthe®
D-D reaction in the AYPd/PdO:D sampleAqq ~ 1023 As one can see, the yields of D-D reaction with re-
s~1perD-D pair. This D-D reaction rate is much lower thanspect to mobile D for cases 1 and 2 are close to one an-
was claimed for the excess heat production and could bather. We can conclude that in both experiments, despite
comparable to the so-called Jones Ievel. different experimental conditions, D-D neutrons were ob-
The mean rate of the D-D reaction obtained in theserved as a product of mobile deuteron fusion. Thus, in
present study is at least two orders of magnitude lowefact, a contradiction between present and previdts
than was estimated in previous wofksi3where a pro- results does not exist.
portional BF; thermal neutron detector was used. Here,  In spite of the low intensity of the nuclear emissions
we try to show that the difference between the reactiombtained, we suppose that our data could be a proof of
yield in this work and in Ref. 13, taken per deuteron pairLINRs in deuterated solids stimulated by exothermic D
actually, is nonexistent. The mean rate of the D-D reacdesorption, because in background similayRd/PdO:H
tion (Aqq) derived is usually quite similar to Ref. 2, where samples and similar conditions were used. Therefore, we
A has been determined as the ratio between the neutr@onclude that emissions observed in/Rd/PdO:D sam-
count rate and the total D concentration in the crystallingles can appear only due to D occurrence in a crystalline
lattice of the sample used. However, according to recendattice where the count rates of D-D neutrons and pro-
datal® large enhancement of the D-D reaction in metaltons become considerably higher than for background.
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The possible nature of such a lattice-induced nuclear9. G.F. CEROFOLINI, G. BOARA, S.AGOSTEO, andA. F.
phenomenon may be considered to generate multiphond#\RA, Fusion Techno).23, 465(1993.

excitation as a means of elastic energy transformation ,
and/or high electror{mobile deuteropscreening? that 10. P.L.HAGELSTEINHyperfine Interact.92, 1059(1994.

leads to anomalously large D-D reaction enhancefent11. E. YAMAGUCHI and T. NISHIOKA Jpn. J. Appl. Phys.
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