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The possible occurrence of nuclear reactions in sol-
ids (NRS) is tested in a well-characterized iodide-titanium 
film after a high deuterium loading. This film proves to 
have a higher purity than common titanium samples used 
in NRS experiments. The titanium deuteration is accom-
plished in the same chamber where the film is grown to 
avoid any superficial contamination of the sample. A com-
plete set of NRS experiments is performed, checking as 
triggering mechanisms of the NRS phenomena the impo-
sition of different electric fields and the crossing of the 
8-e and /3-S boundary phases of the Ti-D system. Neu-
tron measurements are monitored while doing these ex-
periments, and no clear evidence of the nuclear fusion 
reaction D -f D —» 3He + n is detected; the detection 
limit for this reaction is A = 3 X 10~21 fusions per pair 
ofdeuterons per second. However, some anomalous neu-
tron signals are monitored by one of the detectors, which 
makes further investigation desirable. 

INTRODUCTION 

Since the announcement in 1989 of the detection of 
the phenomenon of nuclear reactions in solids (NRS) near 
room temperature,1-3 a great number of experiments have 
been performed to establish the conditions necessary to 
promote these reactions. Until now, both positive and neg-
ative results have been published on the existence of NRS; 
however, unfortunately, the positive results are not com-
pletely reliable because of their characteristic irreproduc-
ibility. Nevertheless, our present knowledge of NRS 
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indicates that at least some conditions are necessary, in 
general, to achieve these phenomena: 

1. a high deuterium loading of the solid metal 
matrix4-6 

2. the imposition of nonequilibrium perturbations in 
the deuterated metal7-9 

3. the use of a metal matrix with suitable physical 
and chemical properties.1011 

Much effort has been put forth in the past concern-
ing the first two conditions, but little attention has been 
paid to the properties that the initial metal must fulfill to 
be used successfully in NRS experiments. If as a first 
step one considers that the achievement of room temper-
ature fusion reactions is made possible by the presence 
of a crystalline environment, one must accept that the 
physical and chemical characteristics of the metal matrix 
have to play an essential role in the process. From this 
point of view, the lack of reproducibility that has been 
found in many experimental results could be associated 
with deficient control of the metal matrix properties. In 
fact, there are some publications11-15 that reflect on the 
crucial influence of the properties of the metal on the 
achievement of NRS. Several authors claim to have de-
tected the phenomenon only in some deuterated palla-
dium samples produced in a certain commercial batch12 

and even from a unique commercial plate.13 Other au-
thors assert that NRS was detected only in metals with a 
high concentration of dislocations1114 or with a high den-
sity of vacancies.15 

Taking the foregoing considerations into account, we 
have incorporated in our laboratory an extensive pro-
gram to produce suitable samples for NRS experiments. 
To achieve this goal, we have followed in the previous 
years a detailed investigation to obtain titanium samples 
by a technique based on the iodide process.16 This tech-
nique provides highly pure titanium metal, called iodide-
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titanium, because of the very low reactivity of iodine with 
titanium oxides, nitrides, and carbides. It is well known 
that the presence of gaseous interstitial impurities in ti-
tanium reduces its maximum deuterium uptake because 
such impurities also occupy similar sites in the metal ma-
trix. Therefore, a high deuterium loading of the metal can 
be performed in iodide-titanium samples, as required by 
the first of the aforementioned conditions. 

The experimental procedure designed in this re-
search for the deposition of titanium films allows one to 
accomplish gas deuterium loading of the sample without 
any surface-blocking effects, as the deposited film is never 
exposed to air. In addition, the titanium film is deposited 
over a self-heated tungsten filament that is held by thick 
electrodes. This configuration permits one to pass high 
electric currents through the film, after its deuteration, 
which are used for the variation of the film temperature 
and the imposition of nonequilibrium disturbances in it, 
as required by the second condition, by means of differ-
ent electric field patterns. The possible existence of nu-
clear reactions under these circumstances is checked by 
neutron measurements, as the detection of such particles 
would indicate without doubt the nuclear nature of the 
NRS phenomenon. 

EXPERIMENTAL 

Characteristics of the Sample 

Many iodide-titanium samples were produced in our 
laboratory with different deposition parameters to obtain 
suitable samples for NRS experiments.17'18 The iodide 
technique was accomplished by the flow of Til4 vapors 
through an electrically heated tungsten filament with typ-
ical dimensions of 40 X 2 X 0.025 mm3. Titanium films 
were deposited uniformly over these tungsten substrates 
up to a typical mass of 55 mg. Among the main deposi-
tion parameters, the Til4 vapor pressure and the substrate 
temperature, it was found that the latter parameter is the 
most important to achieve pure titanium films because it 
dictates the observed substrate diffusion into the film. As 
we pointed out in Ref. 19, the presence of tungsten in 
titanium reduces its maximum hydrogen uptake, so that 
low substrate temperatures are required during deposi-
tion. The substrate temperature range that favors the ti-
tanium deposition by the iodide process was established 
in our study to be 1450 to 1800 K. 

All the NRS experiments presented in this paper were 
accomplished with a unique iodide-titanium sample. This 
sample was never exposed to the open air to avoid any 
superficial oxidation that would interfere with the deu-
terium absorption into the sample and its loading capac-
ity. Therefore, a twin titanium film was deposited with 
the same growth parameters, at a low substrate temper-
ature (1485 K), to conduct a proper characterization. The 
composition and crystalline state of the twin sample were 

analyzed by scanning electron microscopy, energy dis-
persive X rays (EDX), Auger electron spectroscopy 
(AES), and X-ray diffraction (XRD). 

The backscattered electron (BSE) image of the twin-
sample cross section is shown in Fig. 1. Three different 
layers can be observed in the sample: the tungsten sub-
strate in the middle (the white layer), followed by depos-
ited titanium where some diffused tungsten is present (the 
bright gray layer), and finally the pure titanium film in 
the outer part of the sample (the dark gray layer). The 
performed EDX analysis revealed a maximum tungsten 
content in the diffused layer of 9 at.%, while no metallic 
impurities were detected in the pure titanium film at a 
typical detection sensitivity of 0.2 at.%. In relation to the 
presence of gaseous impurities, the AES spectrum of the 
twin sample at a depth of 200 A is shown in Fig. 2. 
The energy position of very low signals due to the pres-
ence of gaseous impurities (carbon, nitrogen, and oxy-
gen) is indicated by arrows. A quantitative analysis of 
the spectrum yields the following concentrations: car-
bon < 1.5 at.%, nitrogen < 2 at.%, and oxygen = 2 at.%. 
To compare this analysis with the presence of impurities 
in commercial samples, which are currently used in NRS 
experiments, another AES spectrum was collected from 
a commercial titanium sample of 99.6% nominal purity, 
and it showed a gaseous impurity content ten times higher 
than that of our iodide-titanium film. Therefore, one may 
conclude that in principle, the selected sample is more 
suitable for NRS experiments than is typical commercial 
samples. 

The crystalline state of the twin sample was studied 
by XRD and microscopy observations. The XRD pattern 

Fig. 1. BSE image of the twin-sample cross section identical 
to the one used in the NRS experiments. The tungsten 
substrate appears as a white band in the middle of the 
film. The fol lowing layers can be discerned in the 
deposited titanium: a bright gray layer where some dif-
fused tungsten is present and a dark gray layer corre-
sponding to pure titanium. 

FUSION TECHNOLOGY VOL. 32 DEC. 1997 6 4 5 



Cuevas et al. SEARCH FOR NUCLEAR REACTIONS 

Fig. 2. AES spectra of the twin sample at 200 -A depth. The 
energy positions of gaseous impurities are depicted by 
arrows. The kinetic energy values of the titanium elec-
tronic transitions are indicated. 

revealed that most of the crystallographic planes of the 
a-titanium metal are present on the film surface, which 
is formed by equiaxed grains of = 1 fxm in diameter. This 
structure corresponds to that of typical well-annealed sam-
ples. However, the crystallite size of the film was found 
to be —60 nm, so that an appreciable number of disloca-
tions exist in every crystalline titanium grain. 

Experimental Setup for the NRS Experiments 

The complete arrangement of the experimental sys-
tem used in the NRS experiments is shown in Fig. 3. It 
essentially consists of two different types of equipment: 
One deals with the thermodynamical and electrical con-
trol of the iodide-titanium film (upper part of Fig. 3), and 
the other deals with the neutron detection system (lower 
part of Fig. 3). Both parts, which are time intercon-
nected, are described as follows. 

The iodide-titanium sample, which is supported by 
two tungsten electrodes, is located in the middle of the 
growth reaction chamber. These electrodes allow one to 
pass an electric current, which is generated by a direct-

current (dc) power supply3 controlled by a function syn-
thesizer,15 through the film. In addition, two thin tungsten 
wires are welded to the edges of the sample, so that the 
well-known four-probe method is accomplished for re-
sistance measurements. A thermocouple (NiCr-NiAl) is 
located in the outer part of the reaction chamber to ob-
tain some knowledge of gas temperature in the environ-
ment of the sample and for safety precautions. The 
reaction chamber, initially under vacuum conditions, is 
made of glass and is connected through a very thin glass 
separator to a deuteration reservoir. The whole set con-
stitutes a Sieverts-type apparatus composed of two vol-
umes: the reservoir chamber (V = 77.5 ± 1 . 5 ml) and 
the reaction chamber (V = 374 ± 1 0 ml). The reservoir 
chamber is attached to a deuterium inlet (purity 99.999%) 
and also to a turbomolecular pump and is equipped with 
a piezoresistive transducer0 and a penning gauge. All 
thermodynamic and electrical parameters are monitored 
by a personal computer with an acquisition time of 10 s. 

The neutron detection measurements were carried out 
by two liquid scintillation counters (NE-213d and BC-
501e). The y-n discrimination of the scintillation counters 
was accomplished by two electronic systems using a 
pulse-shape-discrimination technique. Both energy spec-
tra and counting time evolution were finally recorded 
in different multichannel analyzers (MCAs). In the case 
of the counting time evolution, the detected neutrons 
(namely, counts) were collected every 20 s, while in the 
energy spectra the counts were integrated during the du-
ration time of every experiment (typically 9 h). The ab-
solute efficiency of the detectors, taking also into account 
the geometrical configuration of the setup, were 6.6 X 
10~4 for NE-213 and 5.7 X 10"3 for BC-501 at the in-
teresting energy of 2.45 MeV, corresponding to the D + 
D —» 3He 4- n reaction. The background counting rates 
of the detection systems were 5.3 X 10 - 3 and 0.26 
count/s, respectively. Further information about calibra-
tion of the equipment and other technical characteristics 
can be found elsewhere.20'21 

Sample Deuteration and NRS Experimental Procedures 

To perform the deuteration of the titanium film, 
one must first evacuate the reservoir chamber down to 
10 - 5 Torr, and then deuterium gas is admitted into this 
chamber. As was mentioned earlier, the reaction cham-
ber is kept in vacuum after titanium deposition, and it is 
now when both chambers are connected by crashing the 
glass separator with a magnetic striker. Afterward, the 
deuterium pressure is fixed to 300 mbar, and connections 

aThe dc power supply is a Kenwood PD35-20D. 
bThe function synthesizer is a Keithley 3910. 
cThe piezoresistive transducer is a Kistler 4043A. 
dThe NE-213 scintillator is from Nuclear Enterprise. 
e The BC-501 scintillator is from Bicron Corporation. 

6 4 6 FUSION TECHNOLOGY VOL. 32 DEC. 1997 646 



I 

A 

Cuevas et al. SEARCH FOR NUCLEAR REACTIONS 

COMPUTER 

/ / 
0 0 0 
• O 0 
0 0 0 

/ 

FUNCTION 
SINTHESIZER 

POWER SUPPLY 
D C 0 -20 A 

THERMOCOUPLE 

REACTION 
CHAMBER 

• «. • N. • Jv_ 
V-Vc/ 

R O O M TEMPERATURE STABILITY=23 .5± 1.5°C M C A 

ELECTRICALLY P O W E R E D B Y U.P.S. 

Fig. 3. Sketch of the experimental system used for the sample deuteration and the performance of NRS experiments. 

to vacuum and deuterium inlets are closed so that both 
chambers form a closed system. Under these circum-
stances, the sample is heated to a glowing temperature 
(1200 K) by passing a high dc (13 A) through it. Finally, 
a decreasing electric ramp is programmed through the 
sample to cool it down slowly to room temperature, lead-
ing to the deuterium absorption into the film as dictated 

by the characteristics of the P-X-T phase diagram22 of 
Ti-D. The average deuterium concentration in the tita-
nium film after this treatment was evaluated, from the 
overall pressure drop in the system, to be TiDj 5 ± 0 As 
the presence of tungsten in titanium reduces the deute-
rium absorption in the diffused layer, a higher deuter ium 
content is expected in the pure titanium layer, which, 
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therefore, should at least be in the high concentrated 
S-phase (x ^ 1.6). 

Once a high deuterium concentration is achieved in 
the sample, it is necessary to provoke nonequilibrium con-
ditions in the system to trigger the NRS phenomenon. To 
this aim, we performed two different sets of experi-
ments. In the first set, we applied different electric fields 
in the sample by passing different electric current pat-
terns through it. The second set of experiments deals with 
the possible influence of phase transitions on the achieve-
ment of NRS. 

The imposition of electric fields in a solid deuteride 
system induces important perturbations in the system such 
as electromigration processes23 and the presence of am-
pere forces.24 From an empirical point of view, note that 
electronic fields are also present in the electrochemical 
NRS experiments, where many positive results of the pro-
duction of room temperature fusion reactions have been 
claimed. Considering these possibilities, three experi-
ments were performed, denoted Exp 1, Exp 2, and 
Exp 3, that corresponded to different electric current pat-
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Fig. 4. Time evolution of the electric current patterns imposed 
on the sample in Exps 1, 2, and 3. 
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terns, as shown in Fig. 4. In Exp 1, two constant electric 
currents of =1 and =4 A were passed through the sam-
ple. In Exp 2, the electric current was changed abruptly 
between 0.2 and 3 A at a frequency of 0.8 mHz. Finally, 
in Exp 3, a triangular current pattern between 0 to 7 A at 
a frequency of 0.4 mHz was programmed. While all these 
experiments were done, the neutron counts were re-
corded simultaneously, as shown in Fig. 5 for Exp 1. 

In relation to phase transition experiments, some re-
search reports the occurrence of NRS in titanium deuter-
ide when this system is thermally cycled at about room 
temperature,3'25"27 which can be related to the 5-6 phase 
transition, or at about the phase transition itself.25-28 

To check these triggering conditions, we performed two 
experiments, Exps 4 and 5, in which the sample was 
forced to undergo the aforementioned transitions. To pro-
voke the S-€ phase transition (Exp 4), the reaction cham-
ber was immersed in a liquid nitrogen dewar; meanwhile, 
triangular electric current cycles up to 9.5 A were passed 
through the sample. This procedure induced thermal cy-
cling of the sample from a nearly liquid nitrogen temper-
ature to some value above room temperature, as was 
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checked from sample resistivity measurements. Twelve 
of these cycles were programmed at a frequency of 0.4 
mHz. In Fig. 6a, the evolution of the sample resistance, 
and its derivative, during the ascending part of the third 
electric current cycle is presented. Note that the sample 
resistance exceeds its room temperature value (which was 
measured before the experiment). Gesi et al.30 report that 
the resistivity of the titanium deuteride suffers a slight 
discontinuity during the S-e transition. However, we were 
unable to observe clearly such behavior, although some 
fluctuations were observed near room temperature in the 
dR/dl derivative function. This result would imply that 
perhaps we were able to produce the transition only in 
some parts of the sample. Finally, the fi-8 transition was 
provoked in Exp 5 by cycling a high-current electric pat-
tern between 6 and 13 A through the sample with an ini-
tial deuterium pressure of 300 mbar in the closed reactor. 
Sixteen triangular-shaped cycles were conducted at a fre-
quency of 0.8 mHz and 16 more at a double speed. To 
verify the accomplishment of this transition we simulta-
neously monitored both the electric resistance of the sam-
ple and the deuterium pressure in the closed reactor. Note 
in Fig. 6b the relationship between both parameters in 
one of the cycles, which without doubt reflects the men-
tioned transition, as has been discussed elsewhere.29 

Neutron Count Analysis 

To examine the possible existence of the NRS phe-
nomenon in the described experiments, it is indispens-
able to compare the neutron measurements that are 
monitored during the experiments with those correspond-
ing to the natural background. To this end, we recorded 

the background signals for 11 days after completing the 
NRS experiments. It is well known that the neutron time 
counting is more sensitive to detecting the possible neu-
tron emissions from the sample than the characteristics 
of the energy spectra. Therefore, it is more convenient to 
analyze the neutron time evolution during the experi-
ments and afterward, if significant signals are detected 
in comparison with the background level, to look for the 
energy value of the detected neutrons. On the other hand, 
as the time pattern of the emitted neutrons is unknown in 
advance (e.g., bursts or time-continuous emissions), it is 
necessary to analyze the neutron counting rate for differ-
ent integration times. Selected integration times (ti) for 
these analyses are 20 s, corresponding to the minimum 
acquisition time in the experiments; 1200 s, correspond-
ing to the typical time of electric current cycling fre-
quency, and 9 h, corresponding to the typical elapsed time 
of the experiments. 

The frequency distribution of neutron counts must 
obey a Poisson distribution if they originated from ran-
dom phenomena, as is essentially expected for the natu-
ral background. This behavior is shown in Fig. 7a, where 
the absolute frequency distribution of the natural back-
ground at ti = 20 s for the BC-501 is compared to the 
Poisson distribution that corresponds to the average value 
of the neutron counts (A) during ft . To discern neutron 
emissions during the experiments from the Poisson back-
ground, one should establish a confidence level that dic-
tates the neutron detection limit of the system. Taking 
99.9% as the confidence level, the detection limit for BC-
501 is 15 counts at ti = 20 s, corresponding to a neutron 
emission rate of 85 n/s. This detection limit implies that 
if 15 or more counts/20 s are detected by the BC-501 

Fig. 6. Observation of the (a) 8-e and (b) 0-8 phase transitions in Exps 4 and 5, respectively. In (a), the evolution of the sample 
electric resistance (black dots) and its derivative (continuous line) compared with the electric current, during the ascend-
ing part of the third electric current cycle, is given. The value of the sample electric resistance at room temperature is also 
depicted. In (b), the relationship between sample electric resistance and deuterium pressure in the closed reactor, during 
the entire electric current cycle, is shown.2 9 
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Fig. 7. Absolute frequency of the neutron background detected by the BC-501 system at integration times of (a) 20 s and 

(b) 1200 s. In (a), the detected counts are depicted by black bars, and the Poisson distribution corresponding to the 
average value of the detected counts is represented by pattern bars. The significant region corresponding to a confidence 
level of 99.9% is expressly pointed out. In (b), the detected counts are depicted by black dots, and the Gaussian distri-
bution corresponding to the average value of the detected counts is represented by a continuous line. The significant 
region corresponding to a confidence level of 99.9% is expressly pointed out. 

system, they can be considered as NRS significant sig-
nals with a confidence of 99.9%. 

A similar analysis has been performed for the other 
ti values. At tt = 1200 s, the Poisson distribution approaches 
Gaussian, as the value of A considerably increases 
(Fig. 7b). The confidence level of 99.9% corresponds now 
to a deviation value of 3.29 a from A, the detection limit 
in the BC-501 is 377 counts/1200 s, and the neutron emis-
sion rate is 9 n/s. Finally, at tt = 9 h, the registered back-
ground time is insufficient to obtain good approximations 
to a statistical function. Nevertheless, note that we are still 
dealing with a Gaussian distribution and may take the de-
viation value of the neutron counting for significant sig-
nals as 3.29a\ However, the Tchebychev theorem states 
that the confidence level for this assumption is only 90%. 
The minimum neutron emission that can be detected in the 
BC-501 is in this case 3 n/s. This detection limit implies, 
c o n s i d e r i n g the sample titanium mass (55 m g ) and its deu-
terium content (X = 1.5), a neutron detection rate limit of 
A = 3 X 10 - 2 1 fusions per pair of deuterons per second 
(f/pds). In Table I, the neutron detection limits for both 
detection systems at the different integration times are 
summarized. 

RESULTS AND DISCUSSION 

The neutron measurements monitored while doing 
all the described NRS experiments were analyzed for 
every integration time and compared with the neutron 

TABLE I 

Neutron Detection Limits in the NE-213 and BC-501 
Systems at Different Integration Times f/* 

NE-213 BC-501 

Neutron Significant Neutron Significant 
Detection Counting Detection Counting 

Limit Level Limit Level 
ti (n /s ) (count) (n / s ) (count) 

20 s 220 3 85 15 
1200 s 11 15 9 377 
9 h 2 A + 3.29*7- 3 A + 3.29*7-

*The detection limit is given as neutrons per second emitted 
from the sample and counts per r, detected by the equipment. 
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background. Note that the electronic system associated 
with the NE-213 detector suffered a misfunction during 
Exp 4, so that no neutron data will be offered for this 
detector in Exp 4. All other neutron data are now pre-
sented and discussed. 

The highest values of counting rate registered at tt — 
20 s for every experiment are summarized in Table II. 
For this value of ti9 the significant events respond to a 
counting rate equal to or higher than 3 counts in NE-213 
and 15 in BC-501. The most anomalous result was found 
in Exp 1, in which 3 counts were detected once in NE-
213 and 16 counts were detected twice in BC-501. Nev-
ertheless, the absolute frequency of these events for the 
background Poisson distribution is still important: 0.76 
for NE-213 and 0.37 for BC-501. Such nonnegligible val-
ues account for the large number of registered intervals, 
that is, more than four thousand. In addition, there is no 
time correlation between the significant signals in both 
detectors. Therefore, in spite of the detection of these 
anomalous events, we cannot assert the presence of the 
NRS phenomenon at short integration times (f/ = 20 s) 
with a detection limit of ^100 n/s. 

The most significant signals of neutron detection at 
ti = 1200 s, corresponding to the typical cycling time, 
are presented in Table III. At this integration time, the 
significant events are those with counting rates equal to 
or higher than 15 counts in NE-213 and 377 counts in 
BC-501. While no significant events have been detected 
in NE-213, some significant ones were observed in BC-
501 . The most outstanding events present a deviation from 
the background average of 5.0a- (Exp 3) and 4.3a-
(Exp 5). Note that both experiments were done with sim-
ilar electric current patterns: triangular-shaped waves 
reaching high electric current values. The neutron count-
ing in BC-501 and the electric current time evolution for 
both experiments are shown in Fig. 8. Observe that the 

TABLE II 

Significant Events Monitored by the Neutron 
Detection Systems at f, = 20 s* 

Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 

NE-213 
k-F(k) 3(1) 2 3(1) 2 
F(k) background 0.76 0.29 

BC-501 
k-F(k) 16(2) 15(1) 16(1) 16(1) 14 
F(k) background 0.37 0.51 0.14 0.15 

T h e k-F(k) indicates the highest counting value in the exper-
iments and its absolute frequency (in parentheses). The F(k) 
background stands for the absolute frequency in the Poisson 
background of the monitored significant events during the ex-
periments. The absolute frequency is given only for signifi-
cant events. 

TABLE III 

Significant Events Monitored by the Neutron 
Detection Systems at = 1200 s* 

Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 

NE-213 
k-F(k) 
A k 

13 12 13 13 

BC-501 
k-F(k) 
A k 

380(2) 
3.5a-

375 407(1) 
5.0a-

366 395(1) 
4.3a-

T h e k-F(k) indicates the highest counting value in the exper-
iments and its absolute frequency (in parentheses). The Ak 
stands for the deviation of the monitored significant events 
from the average background value. The absolute frequency 
is given only for significant events. 
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Fig. 8. Counting time evolution detected by the BC-501 sys-
tem at ti = 1200 s in Exps 3 and 5. The electric current 
time evolution in these experiments is also depicted. 
The horizontal dotted lines indicate the average count-
ing value of the background (A). The horizontal con-
tinuous lines stand for a deviation value of + 3.29a-
from A. The different counting rate between two events 
monitored at identical electrodynamical conditions is 
indicated by vertical continuous lines. 
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significant events were detected in both cases after the 
imposition of many electric current cycles and also that 
the detected counts in every interval often have a higher 
value than the background average level. All these ob-
servations could indicate a slight neutron emission from 
the titanium deuteride film; however, other facts contra-
dict this possibility. First, as was previously pointed out, 
no significant events were detected by NE-213, being that 
the detection limit for both scintillation counters was prac-
tically the same: 11 n/s in NE-213 and 9 n/s in BC-501. 
Second, no correlation was found in every experiment 
itself between the significant events and similar electro-
dynamic states, as is denoted in Fig. 8 by the vertical 
lines. In other words, while imposing the same electrical 
conditions on the sample, significant events were not al-
ways detected. From this point of view, the significant 
events detected by BC-501 could possibly be related to a 
shift in the natural background or to a small drift in the 
electronic system associated with this detector. In con-
clusion, it is not possible to claim for sure the presence 
of the NRS phenomenon in the conducted experiments 
with a time pattern similar to the electric current cycling 
frequencies. Nevertheless, future experiments that would 
check if long electric cycling at high currents could in-
duce the presence of the NRS phenomenon in titanium 
deuteride would be desirable. 

Finally, the entire neutron counting for every exper-
iment was analyzed, and the results are presented in 
Table IV and Fig. 9. The results match well with the back-
ground measurements, except in the case of the detected 
counts by BC-501 in Exp 3, where a deviation of 3.6cr 
from the background average was monitored. In any case, 

this possible neutron emission was not corroborated by 
NE-213. Note also that the collected counts in most of 
the cases are higher than the background average re-
corded after completion of the NRS experiments, indi-
cating a possible shift of the registered background level. 
To conclude, there was no detection of any continuous 
NRS phenomenon in these experiments at a detection limit 
of 2 n/s, corresponding to a fusion nuclear reaction rate 
in the sample of A = 3 X 10~21 f/pds. Note also that we 
cannot confirm a deuteration of the titanium film higher 
than x = 1.6. Therefore, it is possible that the lack of 
presence of nuclear reactions could be related to an in-
sufficient loading of the sample if a minimum loading 
ratio of x = 1.95 is needed, as we suggested previously 
in Ref. 6. 

CONCLUSIONS 

A complete set of NRS experiments were performed 
after deuteration of a high pure iodide-titanium film. The 
physical and chemical characteristics of the initial metal 
were deeply analyzed in relation to the content of inter-
stitial gaseous impurities (carbon < 1 . 5 at.%, nitrogen < 
2 at.%, and oxygen = 2 at.%) and crystallographic prop-
erties. A titanium film grown in our laboratory was sub-
jected to different electric fields and was forced to undergo 
the 8-e and /3-S phase transitions to trigger deuterium fu-
sion reactions in the Ti-D system. Neutron measure-
ments monitored during these experiments were analyzed 
considering distinct time patterns and were compared with 
the natural background. No clear evidence of the presence 

Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 

Experiment Time(s) 

8 2 6 8 0 37 200 3 1 6 8 0 3 4 0 8 0 36 360 

NE-213 
Total counts 439 222 176 — 2 2 2 
A background 441 198 169 182 193 
(A + 3.29or) background 523 244 205 225 239 

BC-501 
Total counts 22 693 1 0 4 2 2 9005 (3.6cr) 9337 10 146 
A background 2 1 8 4 2 9 841 8381 9017 9 5 8 8 
(A + 3.29<r) background 22 977 1 0 4 5 9 8953 9589 1 0 1 6 0 

*The A background stands for the average background counts during the experimental time and the (A + 3.29cr) background 
corresponds to the number of counts at a deviation of 3.29a- from the A background. The deviation of significant events is given 
in parentheses. 

TABLE IV 

Total Counts Monitored by the Neutron Detection Systems 
for the Entire Experimental Time* 
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Fig. 9. Neutrons detected by the (a) NE-213 system and (b) BC-501 system during the entire elapsed time of every experiment. 
The experimental data are represented by cross symbols, the background signal average (A) by circular symbols, and the 
deviation of ±3.29cr from A by error bars. 

of the NRS phenomenon during experiments was found; 
the detection limit for the rate of the D + D —» 3He + n 
reaction was A = 3 X 10"21 f/pds. Nevertheless, some 
anomalous events were monitored in one of the neutron 
detectors when multiple electric current cycles up to high 
values were performed in the sample, which suggests fur-
ther investigation. 
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