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In ref.[l] we presented the results of the correlation 
experiment on checking the existence of low-temperature nuclear 
fusion (LTF) 

d + d —|—> 3He + n (la) 
I—> t + p (lb) 

in titanium and zirconium during their saturation with gaseous 
deuterium. The main conclusions from the work where the reaction 
channel (la) was investigated are reduced to the following: no 
excess of the neutron yield over the background level was 
observed; no time correlation was found between the moments when 
neutrons and the signals from the acoustic sensor appear (checking 
of the acceleration model [2,3] proposed for explanation of the 
LTF mechanism). Taking into account the results of many papers 
[4-9], indicating the sporadic character of LTF, and the absence 
of reproducibility of these results (which seems to be due to 
original technological difference in preparation of samples for 
investigation), we decided to continue the experimental checking 
of the hypothesis of low-temperature nuclear fusion with some 
changes in the detecting equipment (employed in ref. [1]) and in 
the procedure of sample preparation. Below we describe the 
experiment on the search for possible emission of neutrons from a 
titanium electrode saturated with deuterium during electrolysis of 
heavy water DO. 

Experimental set-up 
Fig.l schematically shows the experimental set-up. Neutrons 

produced in reaction (la) were registered by detectors of thermal 
neutrons 1 (BF -proportional counters) arranged in two rings 
around the electrolyser 2 (16 counters in the inner ring, 22 in 
the outer one). To moderate neutrons to thermal velocities 
granulated polyethylene 3 was used. To protect the spectrometric 
neutron channel against possible electromagnetic pickup, all 
neutron detectors 1 were placed in the box 4 made of copper and 
iron sheets. The electrolyser 2 was in a special well 5 in the 
centre of the box. The well was a hollow cylinder made also of 
copper and iron. The thick of granulated polyethylene layer 
between the well 5 wall and the neutron detectors of the inner 



ring was ~ 70 mm. This system of screens allowed practically 
complete elimination of possible electromagnetic pickup both in 
the neutron and in the acoustic spectrometric channel. To suppress 
the external neutron background, the box was surrounded with 
borated polyethylene 6 {-200 mm thick). This protection allowed us 
to reduce the neutron background in the neutron detectors by about 
two orders. 

In Fig.2 there is the schematic view of the electrolyser. The 
sensor of acoustic emission signals 1 was installed in the upper 
part of the cathode 2, which is a cylinder 12 mm in diameter and 
200 mm long. Between the cathode 2 and the electrolyser flange 4 
there was a gasket 3, which also served as an acoustic decoupling 
for the cathode and other elements of the electrolyser. The flange 
4 was made of organic glass. Fluoroplastic gaskets 5 were used 
between the flange 4, the anode 6 and the electrolyser casing 7 
made of stainless steel. To cool the electrolyser, water 
circulated through the gap between the anode 6 and the casing 7. 
The anode 6 was made of platinum in the form of a hollow cylinder 
100 mm in diameter with walls 0.4 mm thick. 

We carried out measurements with two cathodes: a) a cathode 
of chemically pure titanium; b) a cathode of the same material 
coated with a 0.4 Jim layer of nickel. The idea of nickel coating 
arouse from the following considerations. First, this coating 
prevents formation of a titanium oxide film (in principle, oxide 
films of different elements are a kind of barrier for hydrogen 
isotopes penetration and are quite often used as a "protective" 
coating at high pressures and temperatures [10,11] against 
hydrogen corrosion of metals and alloys), which in its turn 
resulted in a higher velocity of deuterium penetration in titanium 
and thus in its quicker saturation with deuterium. Secondly, with 
such a quick saturation of the titanium surface layer with 
deuterium, there can be quite large deuterium concentration 
gradients, which, according to ref. [12], is the necessary 
condition for effective LTF reactions. The volume of heavy water 
in the electrolyser was = 400 cm . The electrolyte was LiOD alkali 
of concentration 0.1 M. The active part of the cathode immersed in 
DO was -50 mm long (the titanium mass was = 26 g). The 
electrolysis current was -2.8 A with vnlt-лпг* between the 
electrodes 30 V. 
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Fig.l. Experimental set-up. 

Fig.2. Schematic view of the electrolyser. 



FREAMPL 
SHAPING 

AMPL 

!rtH> 
T H R E S H O L D 

+v 
C O U P / 4 COMP, 

DELAY 

DELAY 

A D C 

LOGIC 
SHAPER 

LOGIC 
SHAPER 

О R 

-£; 
LOGIC 
SHAPER 

LOGIC 
SHAPER 

AND 
1 С 

A D C 

A D C 
8 b i t 

COUNTER 1 
1 6 b i t 

COUNTER 2 
1 6 b i t 

R E G I S T E R 
1 6 b i t 

SHIFT 
REGISTER 
16X1024 

s 
о 

" 6 

S T A R T 
C O N T R O L GEN. 

1 MHZ 

T S T O P < 
I В И - P С 
A T - 2 8 6 < = > INTERFACE <=> 

Fig.3. Block-diagram of the registering electronics. 
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Electronics 
Fig.3 shows the block-diagram of the registering electronics. 

The structure of the electronics simultaneously allowed the 
amplitude and time information on the events registered both by 
the neutron detectors (N) and the acoustic sensor (S) installed on 
the electrolyser cathode. The neutron spectrometric channel 
consisted of a charge-sensitive preamplifier (PREAMPL), a 
spectrometric amplifier (SHAPING AMPL) with quasigaussian signal 
shaping (the shaping time constant т ~ 2 lis), and two 
analog-to-digital converters (ADC) with conversion time less than 
10 (is to measure amplitudes of two successive signals from the 
neutron detectors within a chosen time interval (in our experiment 
the duration of the interval was 1 ms). The summed capacitance of 
the neutron detectors being 500 pF, the equivalent noise charge of 
the preamplifier corresponded to the energy deposition in neutron 
detectors equal to « 100 keV (in registration of thermal neutrons 
from the reaction n+'°B->a+7Li the energy deposition in the 
detector corresponds to 2.3 MeV). The amplitude information on the 
second event registered by neutron detectors essentially increased 
the degree of selection of "useful" events in the off-line mode. 

The acoustic emission (AE) signals resulting from cracking of 
the titanium cathode during sorption of deuterium (formation of 
titanium deuteride) were recorded with a special acoustic-emission 
device ARGUS-7 [13]. A wide-band piezoceramic sensor was used as a 
receiver of AE signals. The operating frequency band of the 
measuring circuit was 0.02+2 MHz. All AE sensors were calibrated 
on the stand described in ref. [14]. As a result, their absolute 
amplitude-frequency characteristics were determined. Taking into 
account the absolute sensitivity value of the used piezosensor and 
the fact that the effective value of the intrinsic noise voltage 
of the preamplifier reduced to the input was not larger than 5 uV, 
we estimated the "threshold" size of the defects registered. The 
acoustic channel was found to ensure reliable registration of 
ultrasonic signals generated in the course of production and 
development of defects 0.1 urn or more in size, even with allowance 
for their attenuation in the sample material. The AE signals, 
converted by a sensor into electric pulses, generally shaped as an 
"attenuated" sinusoid, and amplified in ARGUS-7, were transformed 
by a peak detector into a stepped envelope, which was then 
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converted by an additional amplifier (identical with the one 
installed in the neutron channel) into a single pulse of a quasi-
gaussian shape about 12 us long. Thus, each AE event had a 
corresponding pulse whose parameters (the amplitude and the time-
of appearance) were recorded. 

The amplitude thresholds of signal registration in the 
neutron (N) and acoustic (S) channels were set with comparators 
(COMP). To form logic signals "GATE" of the ADC external control 
duration formers were used (the signal duration was -10 Ms). Logic 
signals about 1 us long arrived at the outputs of a buffer storage 
(SHIFT REGISTER 16x1024) gated by a clock generator (GEN 1 MHz) 
triggered by any first pulse coming from either the neutron 
counters or from the acoustic sensor. The buffer storage had 1024 
channels, which allowed us to measure (at the given frequency of 
the clock generator) time intervals betweon the successively 
registered events both in the neutron and in the acoustic channel 
within ~1 ms. It should be mentioned that the duration of the 
measurement interval can be easily changed with the experimental 
conditions by changing the clock generator frequency. In 1 ms the 
contents of all the amplitude-to-digital converters and the buffer 
storage was fed into a PC AT-286. Within the feeding time signals 
were not registered either in the neutron or in the acoustic 
channels. Registration was blocked by the "INHIBIT" signal 
generated by the PC command applied to the inverse input of the 
logic shaper (LOGIC SHAPER). The contents of the counters 
(COUNTER) corresponded to the total number of pulses registered in 
each channel within the exposure time. 

Experimental conditions 
We carried out two series of experiments using electrolysis 

of heavy water DO with Ti cathodes. In the first series we used 
a cathode of pure titanium (experiment I), in the second one the 
titanium cathode with nickel coating (experiment II). In 
experiment I the surface density of the electrolysis current was 
17C mA/cm2 and in experiment II it was 120 mA/cm2. The total data 
taking time in experiments I and II was approximately the same and 
equal to 80 hours. Effective exposures alternated with background 
exposures, when the electrolyser was switched off. An average 
duration of any exposure was 2 hours. Besides, after finishing : 

i 
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Fig.4. Amplitude distributions of the 1st and 2nd neutrons 
registered by 252Cf-calibrated neutron detectors. 

experiments I and II, we carried out background experiments with 
the electrolyser switched on and filled with ordinary water H O 
instead of D 0; the cathode used in the previous experiments was 
also replaced by a "fresh" titanium cathode. The density of the 
electrolysis current in the effective and background exposures was 
approximately the same. In all the experiments the stability of 
the registering equipment and detectors was regularly checked by 
calibration of the neutron and the acoustic channel with standard 
Pu-Be and 52Cf neutron sources, and a generator of acoustic 
emission signals, which is part of ARGUS-7. 
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Fig.5. Amplitude distribution of events (registered by a neutron 
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Fig.6. Resultant distribution of time intervals between successi
vely registered neutrons with background subtracted (N - number 
of events in a 40 us interval, the solid line is fitting). 
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In Fig.4 there are amplitude distributions of the first (1) 
and second (2) registered neutrons, obtained in calibration of the 
neutron channel with the 2 5 2Cf source. The amplitude distributions 
are seen to be identical; shifts of the peaks with respect to one 
another result from different channel graduation in two amplitude-
to-digital converters (ADC). Comparison of the experimentally 
obtained amplitude distributions allows us to state that all 
spectrometric channels showed stable work, because the shape of 
the amplitude distributions and the position of the centre of 
gravity of the peaks did not practically changed. Fig. 5 
exemplifies an amplitude distribution of events obtained by 
summation of the data from several effective exposures. The 
registration efficiency of the experimental set-up for neutrons 
from reaction (la) was determined by means of the 2 5 2Cf source 
placed where the electrolyser was to be installed; it was found to 
be (26*1)%. The neutron background averaged over all background 
exposures was -8-10 pulses/s, and its fluctuation during the 
measurements was described by the normal distribution with the 
standard deviation * 3x10 3 pulses/s with respect to the reduced 
value. 

Discussion of results 
In this paper we propose a data processing method different 

from the one used in ref.[l]. It consists in the following. Using 
the fact the the electronic logics created for our experiment 
allowed time and amplitude information on successively registered 
events within 1 ms, we could work in the off-line mode 
constructing distributions of time intervals between the moments 
of registration of successive events satisfying the the given 
amplitude criteria. This technique allowed a much lower background 
and a much higher reliability of identifying the effect, if any. 
Thus, only that information transferred to the PC was used for 
further analysis, which contained two or more events registered by 
neutron detectors and observed within 1 ms. 

In our opinion, this technique and analysis of the 
experimental data allows answers to the following questions: 

1) does low-temperature nuclear fusion exists in principle? 
2) is the LTF process continuous or of pulsed nature? 
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3) is there correlation between the moments of neutron 
emission and the moments when samples of titanium or other metals 
begin to crack while sorbing deuterium? 

Let's dwell upon the data processing sequence. 
a) background exposures 
1) For each background exposure we selected that information 

transferred to the PC which contained two or more events 
registered by neutron detectors within 1 ms ("useful" information 
transfer) . 

2) Based on this information, distributions of time intervals 
between the events registered within 1 millisecond are plotted. To 
prove the fact that the background is Isotropic duriag the whole 
experiment, one must compare these distributions (normalized to 
the same time) with respect to the total number of events a^d to 
their shape. 

3) The resultant (summed over all background exposures) 
distribution of time intervals is pjotted. 

b) effective exposures 
1) Each exposure is divided into 0.5-hour intervals, so that 

there were not less than two "useful" information transfers within 
a given interval. 

2} The resultant (summed over all chosen intervals) 
distribution of time intervals between the events successively 
registered by the neutron detectors is plotted. 

The final stage in the analysis of the whole set of the 
experimental data was fitting of the resultant time distributions 
obtained in the effective and background exposures in time 
T=N t (N is t.ie number of intervals as long *s t =0.5 h, 
chosen by the criteria of point ":.)" within the total time of 
effective exposures) by an analytical expression like 

g£ = Ac r )exp{-I nc nt} + [A 2C cexp{-I oF ct] + B]T/T. , (2) 

where A , A - normalization constants; 
1 ' 2 

e - registration efficiency for neutrons from reaction (la); 
I - neutron emission intensity in a burst with allowance 
n 

for neutron moderation in granulated polyethylene followed by 
their capture by 1 0B nuclei in the neutron detectors; 
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с - mean registration efficiency of the experimental set-up 
for cosmic radiation neutrons; 

I - intensity of the neutron component of the cosmic 
radiation; 

В - random coincidence background; 
T - total data taking time in background exposures. 

This formula was derived on the assumption that neutron bursts, if 
any, are rectangular and their duration is much longer than the 
average time from the moment of the neutron hitting polyethylene 
around the detectors till the moment or its being captured by the 
1 0B nucleus. According to the calculation, for the given set-up 
this time is t =20 us. Expression (2) can be used for 
approximation of distribution of time intervals between 
successively registered events whose duration is longer than t. 

To check the acceleration model [2,?] proposed for explana
tion of LTF, we analysed the data for time correlations between 
the moments of appearance of signals from the neutron detectors 
and the acoustic sensor. To avoid random coincidences we used more 
stringent selection criteria as compared with ref.[ll: only 
"useful" ihformation transfers were analysed. 

The analysis of the experiment I and II data allows the 
following conclusions. 

1. Comparison of amplitude distributions of the first and 
second registered neutrons obtained in the effective and 
background exposures of experiment I (with a cathode of pure 
titanium) indicates that there is no excess of the neutron yield 
over the neutron background in the D 0 electrolysis mode. 

2. Analysis of time interval distributions for successively 
registered events in the effective and background exposures of 
experiment I confirm conclusion 1. 

Ъ. No correlation between the moments of neutron registrat ion 
and moments of appearance of acoustic signals was found in 
experiment I. 

4. In experiment II (with a Ti cathode coated with nickel) 
emission of neutions in the form of separate bursts stochastically 
distributed in time was observed during saturation of titanium 
with deuterium through electrolysis. 
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5. Approximation of the experimental data with expression (2) 
yielded the neutron emission intensity in a burst equal to 

I n = (3.6 • 0.9)xl04 s"' 

The neutron burst duration was also estimated: 

т = 300 MS 

Fig.6 shows the distribution of time intervals between successive
ly registered neutrons with the background subtracted (the solid 
curve is fitting). 

It should be mentioned that our characteristics of the 
neutron bursts are averaged over the experiment duration (because 
of limited statistics). So, the study of the real shape and the 
possible time microstructure of LTF neutron bursts requires longer 
experiments to take more data for its unambiguous 
interpretation. 

6. No correlation between the moments of neutron emission and 
the moments of appearance of acoustic sensor signals was found in 
experiment II. 

7. Intervals between the bursts were from several seconds to 
tens of minuues. 

8. In the course of electrolysis the frequency of neutron 
bursts decreased. The maximal frequency of neutron bursts was 
observed in the first several hours (= 4*5 h) of the electrolysis. 

Our results indicate that without the registering electronics 
and the data analysis technique proposed by us it is practically 
impossible to observe pulsed emission of neutrons from reaction 
(la) by comparison of neutron yields in effective and background 
exposures of small amounts of deuterium-saturated materials using 
a technique of registration of thermal neutrons with an efficiency 
much less than one. 

Observation of neutron bursts in this work after a series of 
our works [1,15,16,17] with the so-called negative results is a 
kind of stimulus for more thorough investigation of LTF. 

In our opinion, the registration of fast LTF neutrons by 
means of liquid scintillators with n-y separation combined with 
measurement of time intervals between successively registered 
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neutrons will undoubtedly allow highly accurate information on the 
time structure and the intensity of neutron bursts (it is 
desirable that this experiments should be carried out in under
ground laboratories with a low neutron background). 

Finally, the authors express their gratitude to Ts.D.Vylov, 
Director of the JINR Laboratory of Nuclear Problems, for the 
constant interest in and support of these investigations, to 
V.B.Belyaev for useful discussions, to J.Rak for the help in the 
analysis of the results, to G.V.Karpenko and sh.G.Shamsutdinov for 
manufacturing some units of the experimental set-up. 
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Артюхов В.И. и др. Д15-91-289 
Наблюдение нейтронных вспышек при насыщении титана 
дейтерием в режиме электролиза 02 О 

В работе приводится описание корреляционного эксперимента по 
исследованию явления низкотемпературного ядерного dd-синтеза в про
цессе насыщения титана дейтерием в режиме электролиза тяжелой воды 
D 2 0 . Были проведены исследования с катодами из химически чистого 
титана и из титана покрытого слоем никеля толщиной 0,4 мкм (масса 
титана — 26 г ) . В опытах с катодом покрытым слоем никеля обнаруже
на эмиссия нейтронов, носящая характер отдельных вспышек. Найдено 
значение интенсивности испускания нейтронов во вспышке: L = {3,6 ± 
±0,9) х 10 4 с - ' . Временная корреляция между моментами появления 
нейтронов и сигналов с акустического датчика (установленного на ка
тоде) не обнаружена. 

Работа выполнена в Лаборатории ядерных проблем ОИЯИ. 

Сообщение Объединенного института ядгрных исследований. Дубна 1991 

Artyukhov V.I. et al. D15-91-289 
Observation of Neutron Bursts in Saturation 
of Titanium with Deuterium by Means of Dj О Electrolysis 

The paper describes a correlation experiment on investigation of low-tem
perature nuclear dd-fusion during saturation of titanium vith deuterium through 
electrolysis of heavy water 0 3 O . The experiments with cathodes of chemically 
pure titanium arid of titanium coated with a QA-fim nickel layer (mass of tita
nium 26 g) were carried out. Emission of neutrons in the form of separate 
bursts was observed in the experiments with the nickel-coated cathode. The 
neutron emission density in the burst was found to be l n = (3.6 ± 0.9)x104 s~'. 
No time correlation was found between the moments when neutrons and the 
signals from the acoustic sensor (installed on the cathode) appear. 

The investigation has been performed at the Laboratory of Nuclear Prob
lems. JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1991 
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