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NEUTRON MEASUREMENTS IN SEARCH OF COLD FUSION
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S. Gottesfeld, D. A. Baker, T. E. Springer, F. H. Garzon,
R. D. Bolton. E. M. Leonard, and T. Chancellor,
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

ABSTRACT

We have conducted a search for neutron emission from cold fusion systems of the
electrochemical type and, to a leaser extent, the high-pressure gas cell type. Using a
high-efficency well counter and an NE 213 scintillator, the experiments were conducted
on the earth's surface and in a shielded cave appronmately 50 ft underground. After
approximately 6500 h of counting time, we have obtained no evidence for cold fusion
processes leading to neutron production. However, we have observed all three types of
neutron data that have been presented as evidence for cold fusion: large positive
fluctuutions in the neutron counting rate, weak peaks near 2.6 MeV in the neutron
enerygy spoctrum, and bursts of up to 146 neutrons in 500-us intervals. The data were
obtained under circumstances that clearly show our results to be data encountered as a
part of the naturally occurring neutron background, which is due primarily to cosmic
rays. Thus, observing these types of data does not, of itself, provide evidence for the
existence of cold fusion processes. Artifac's in the data that were due to counter
mishehavior were also observed to lead to long-term "neutron bursts” whose time
d wration varied from several hours to several days. We contlude that any experiments
which attempt to observe neutron emission must include strong steps to enaure that the
experiments deel adequately with both cosmic-ray processes and counter misbehavior.

INTRODUCTION

Evidence for cold fusion processes that result in the emission of neutrons from solid-
state systems have been presented based on three types of neutron measurements: (1)
large (> 3 o) fluctuationa’ in the neutron counting rate; (2) bursts of neutrons detected
either in very short time intervals’ (a few hundred microsecords) or over periods of hours
or days’¢; and (3) weak peaks® noar 2.6 MeV in the neutron energy spectrum. Reports of
large positive fluctuations in the neutron counting rate and the appearance of a peak
near 2.6 MeV in the neutron energy spectrum came from experiments that initially used
cold fusion cella of the electrochemical type, while the burst measurement experiments
initially used temperature.cycled high-pressure gas cells. Both types of cells contained
either titanium or palladium (or both), which was loaded with deuterium by hydriding or
some other process.

Those of our experiments that utilized cold fusion cells used primarily
electrochemical cells, although soine measurements were made with temperature-cycled
high-pressure deuterium cells containing titanium. A grent deal of effort was spent in
atternpting to characterize the bachground, and these background measurements
constitute the major results of our work.

Figure 1a shows the apparatus uaed in the experiment’s full confipurntion, where
the cold fusion cell was abserved by n high-efficiency well counter nnd an NE-213
scintillator. However, for many measurements. only the well counter was used.
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Measurements were performed at the earth's surface (at an elevatior. of
approximately 2250 m) and in a room approximately 60 1t below ground Automated data
acquisition was used for all measurements. Measurements of the total neutron
production were made with counting intervals ranging from a few seconds to 100 min.
Except when it was necessary to show a short- or long-term feature of the data, data on
the neutron counting rate were summed into 100-min intervals.

Burst measurements were made in 500-8 intervals, using a multiplicity module
decigned by Arnone and Brunson.® We seli:cted a 500-us interval for these
measurements based on the characteristics of the well counter, as discussed below.

The barometnic pressure and ambient temperature were measured for some of the
data runs, and a monitor detector consisting of six 36-in. *He tubes backed by
polyethylene was used for some runs.
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Fig. 1.

(a) Artist's conception of the system layout. Often more than
one ceil was present in the counter, (b) Top profile view of the
'He well counter with 20 tubes.

EXPERIMENTAL APPARATUS

Figure 1k shows a top-profile view of the well counter. The complete device 18 ahout
58 cm square and 76 cm high, and consists of twenty 'He tubes embedded in
polyethylene. The central cavity, or well, is 19 cm in diameter and has an active depth of
40 cn. The counter i8 surrounded by 10 cm ¢f cadmium-lined polyethylene to protact the
counter from nevtrons whose source is outside the cavity.

The twenty 'He detector tubes are read out in five banka of four counters each,
making the counter a segmented device consisting of five sections, or six sections when
the NE 213 counter i8 used. This segmented arrungement proved useful in eliminaotiing
spurious data that occurred as a result of the misbehavior of one tube or one tube hank
Such behavior was occasionaiiy observed when the ambient temperature unde, went a
signifcant change. The worst situation occurred when the counter was operatad in one of
the aboveground locations: a building. designed for low-neutron room return,. which had
thres corrugated iron walls and a corrugated rocf This building underwent temperature
changenof ~ 15 ° C between bam and 56 pm . The amphtude of the nmse in the detectn:
prenmyp systemr. changed by factors of 1 to 5. depending on the counter bank conmdered
In the 'vorst cases, an increase 1n the counting rate of one detector bunk might he
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observed The other aboveground locations and the underground location had much
smaller temperature variationn.

The efficiency of the counter was calculs ted with the Los Alamos Monte Carlo code
MCNP.? The results of these calculations (shown in Fig. 2)indicate that the efficiency 18
~ 22% at a neutron energy of 2.6 MeV. Source measurements showed the counter to be
about 0.4% efficient for #*Cf neutrons produced outside one wall of the counter.

The well counter works by

0 MEASMARAAR IR AR AAAAL B firat slowing the neutrons down to
thermal energies in the
polyethylene, then capturing them
in one of the *He tubes. If a group of
neutrons are emitted
simultaneous'y in the well, about
one-haif of those detected are
detected in 60 ps. Thus, to detect all
of the neutrons in a burst wath high
probability, the multiplicity module
was operated in 500-us intervals.

The Tennelec TC-176 preamp
outputs are proceaced by Tennelec
202BLR amplifiers and LeCroy
623B discriminators for

01 o) il presentation to the multiplicity

0.01 o1 190 100 module. In addition to the event
Energy (MeV) multiplicity and the total neutron
, counts per interval, the multiplicity
_ Fig. 2. module also st.res the number of
Calculated efficiency of the neutron well counter. neutron counts detected by each of
the five detector banks. As
discussed above, this data was used to reject intervals or portions of intervals where one
counter bank would begin counting at a diffei»nt rate while the other four banks
remained unchanged.

The multiplicity modulr consists of a shift register witk the number of channels and
the dwcl) time selected by the user. For these experiments, the dwell time was one
microsecond and the number of channcls was 500. Detected neutron counts are passed
through a synchronizer to reduce pileup and then presented to the shifi regiater. When
the count exits the register 600 ps later, the register is queried via an up-down counter to
determine how many counts remain in the register, Tiie multiplicity of a given neutron
event that is then obtained equals the number of neutrons left in the register (the
detectad innltipliaity) plua one. all divided by the counter efficiency.

The output of the multiplicity module was stored in a CAMAC scaler, which was
read along with other data by an IBM/P'C at the end of each counting interval Th: data
obtained dunng each interval consistad of the multiphcity 1esults, the total neutron
counts observed, the number of neutron counts ocbserved in each of the five counter
segmenrts. and the barometric pressure. These results were stored cn the hard disk for
future analysis, and a hard copy was printed out. The buckground counting rates for the
well counter varied from 0.33 counta/s in the underground location to between 1.2 and
3.6 counta/n tor different locations abovegrnund The aboveground dnta qunted in this
work were all obtnined at a background rate of 1 2 ccunts s

The NE 213 counter® waer only emploved for some measurements conducted in the
underground location. When located in the top of the well-counter ‘ace Fig. 1a), the
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NEF-213 detector had an effiziency of approximately 1% and a background counting rate
of about 1.5 x 10° counts/s. The neutron-gamma discrimination was accomplished by
standard techniques; a typical neutron-gamma discrimination spectrum is shown in

Fig. 3.
The cold fusion cells used in this experiment are described in Ref. 9.
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Fig. 3.
Neutron-gamma discrimination spectrum obtained with the NE 213 counter.

RESULTS

Neutron counting rates were either measured or, when shorter counting times were
used, summed in 100-min intervals. Measurements were made with vither oite to three
cold fusion cells present, with the high-pressure gas cell present, with the counter empty,
or with a lead brick present in the counter. The cold fusion cells might be operating (that
is, with the voltage on), or not operating. Likewise, the high-pressure cell might actually
have high-pressure deuterium gas present or not, and the cell could be temperature-
cycled or not (although most of these types of measurements were taken without
deuterium gas present),

About 1200 h were spent ob'serving ths various cold fusion cells, and nc evidence for
neutron profuction by processes other than those seen as part of the background was
obtained

The approximate sensitivity of this experiment may be estimated from the cell
characteriatics and the background counting rates We assume that a positive result
would be achieved if a 3-0 excens in the neutron count rate were ohserved in 8 h of
counting time, which implies that an observed exceas of 0 01 counts/s would be required
in the underground location, and an observed excess of 0.\ 2 counta/s would be required
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Fig. 4.
Typical neutron counts obtained aboveground per 100.min ccunting interval with (a)
the well counter empty, (b) the empty high-pressure gas cell in the counter, and(c)a
lead brick in the counter.
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aboveground. These detected neutron retes correspond o excess emitted (or production)
rates of 0.05 counta/s and 0.10 counta/s, respectively.

The cold fusion reils typically contained ubout 10 g of palladium, charged to a level
of about 0.6 deuterium atom.s per palladium atom. Assuming one neutron is produced for
every two fusions, these numbers imply that a rate of ~ 6 x 10-* fugions per deuterium
pair per cell per second must be present underground to produce the necessary rute.
Because the measurements often involved two or three cells in the counter at one time,
the estimated sensitivity of eome of the experiments is near 2 x 10'* fugiona/s ir. the
underground location, and about a factor of 2 worse :in the aboveground locations.

Figure 4 shows typical neutron results obtained in one of the aboveground couniing
locations. These data were obtained with the counter empty; with the high-pressure cell
present (but without deuterium gas or any titanium); and with the lead brick present.
The data were generally obtained over periods of 80 to 200 intervals (about 6 to 14 days
of counting time). The three solid horizontal lines on each figure represent the average
number of counts and the (approumate) plus and minus 3-o levels for each counting
period.

The three data sets in Fig. 4 all exhibit the same features; that is, they exhibit an
excess number of fluctuations of more than + 3 g, 34 intervals out of a total of 328, and
even the remaining data varies in a nonstatistical faghion. Positive fluctuations of up to
5 o are present in the data obtained with the empty counter. and fluctuations of up to 8 o
are seen when the lead brick is used.

A substantial portion of the variation in these three data sets (as well as the other
data sets obtained at this location) is due to fluctuations in the barometric pressure. This
is shown in Fig. 5, where the barometnc pressure is plotted along with the neutron data
from Fig. 4. A strong negative correlation between the barometric pressure and the
neutron counts per interval is clearly visible. Figure 6 shows linear fits to piots ot the
neutron counts per interval ve the barometric pressure for each of these data rets. Values
of -0.76%/mm of Hg, -0.76%/mm of Hg, and -0.85%/mm of Hg are obtained for the
respective data sets. An average value of -0.80%/inm of Hg was obtained for all dat sets.
This average value of -0.80%/mm of Hg is slightly smaller than the value of -0.84%/mm
of Hg reported by Simpson et al.!°

Typical data obtained in the underground counting location are shown in Fig. 7.
These data were obtained with the electrochemical cells present (both operating and
nonoperating); with the high-pressure gas cell present but empty; with the lead bnrick
preser.t; and with the counter empty. The baromctric pressure was not recorded during
these runs. The behavior of the data is far more statistical in these data sets and in all of
the data collected in this counting location. For example, in Fig. 7, only 2 of 651 counting
intervals are more than t 3 o from the mean value for that counting interval.

These results are interesting because fluctuations in the barometric pressure are
siail present (aboveground), but the data behave in a much more atatistical fashion. One
explanation is that the size of the effect is smaller underground compared to the
statistical accuracy of the data; that is, aboveground a typical daily fluctuation in the
barometriz pressure of 3 to 4 mm of Hg represents about a 3-0 effect, whereas, below
ground this represents only about a 1- to 1.6-0 effect. Thus, the different counting
locations present situations in which the fluctuations in the pressure ~epresent
significant and small contributions, respectively. There may be another factor that
contributes as well: 'l{e counters of the type used in this experiment are known to have
minimum counting rates unre'ated to the detection of neutrons by the counter. These
background counts are due to the alpha and beta decay of nnturally occurning radioactive
contaminants in the tube walls. The rates at wl.ich these events titke place in this
expenment sre unknown, and the low count rates in this work may exnphasize these

Drafl
6



6600 ——r——~—T7———"—T—1T T T T T

3 o neutron counts 12390 g
5 i o barometer < _123.90 o
< {;} s ] 3
6200 P, S q70 §
5 L. "'-o"'-.:ff\’ . & % s laeo 3
£ : ; lﬁi **2 @
8 % %% {# % % % 2350 5
c 5800 N j —
TR Ty
z | # v &% {2330 €
400 e 2320
Interval Number (100 min/interval)
- 7000. r o m:nronTco;n; o o i 123.85
E, \ e barometer /A... g
£ ssoo[ .\‘\-‘ & {2365 §
VoUW W I
E 6200| - 12045 3 (b)
<
8800} o : 2
T bk
2 s Q
84000 L 226
Interval Number (100 min/interval)
[V r ] I — — 1 24.0
I 0 neutron counts
B3 o barometer *423.9 g
§
€ 7800 ' 4238 §
$ ,Vk P A, : 27 3 (o
guoor- %'/ % {238 DO
S %ﬁé ] 235 g
g;ooo %;H w, .x‘ H23.4 %
2 ] ~ é{ 233 g::f
8600 . — A—srd—]23 2

o

20 40 60 80 100 120 140
Interval Number (100 min/interval)

Fig b
Barometric pressure measurements plotted with the neutron counts from Fig. 4. Data
are obtained with (a) the well counter empty, (1) the empty high-pressure gas cell in
the counter, and (c) a lead brick in the counter.
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Fits to the barometric pressure (in inches of Hg) vs neutron counte for the data

presented in Fig. 5. R? is the square of the linear correlation coefficient. The slope of
the curve in % per mm of Hg is obtained by dividing the coefficient of x in the figure by

the product of 0.264 and the average value of the neutron counts per interval.
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effects. The presence of these events would have the impact of adding an additiona!l
random source to th: singles counting rate, which would tend to mask the effect resulting
from the variation in the barometric pressure. This could explain both why our
measured variation is slightly smaller than that of Simpson et al., and why the variation
i8 not more apparent in the data collected in the .1derground location.

An upper limit estimate for the size of such an effect can be made by assuming that
the count rate of 0.33 counts/s measured at the underground location is entirely
nonneutronic. Clearly this is conservative because burst events, discussed below, are still
observed underground. Based on this assumption, the value of -0.80%/mm of Hg would
increase by about 26%.

Even larger effects than those already preseuted in Fig. 4 are possible if the data is
properly binned. Figure 8 shows what could happen if, by chance, the initial intervals of
the empty counter 14 run (shown in Fig 4a’) were used to establish a background
counting rate. In constructing the data presented in Fig. 8, the first 2 days (28 intervals)
of empty counter 14 were used to establish the background counting rate per 400 min.
Using 400-min intervals rather than 100-min intervals decreases the statistical
uncertainty by a factor of 2. This background rate was then subtracted from the rates
determined for each subsequent 400-min interval in the empty counter 14 run and all of
the 400-min intervels obtained in the pressure cell 8 run. These two runs were taken
consecutively.

0.10

0.08 |

; L

i L

i {
el A i SIS
N U B =t
e {511}1 j |

Interval Nuii'ber (400 min/intcrval)

Fig 8.
Excees count rates obtained for the empty counter 14 and
pressure cell 8 runs. These runs were taken consecutively, and
the dashed line in the figure shows «when the empty high-
pressure gas cell was added to the counter.

The data in Fig. 8 show strong positive fluctuations of up to 10 5. A selection of
other runs produces even larger effects, for example. the lead 12 run. which produces up
to 20-0 effects using this procedure. To achieve statisticallv significant results such as
these, the experiment must be conducted such that the statistical uncertainty is made
small compared to the 3% to 12% enhancements that fluctuations in the barometric
pressure produce. Figure 8 shows one way in which this could happen: the count rate is
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high enough to produce 1% statistical accuracy in a few hours. A second way in which
this could happen in a lower count rate experiment is presented in Fig. 9, which shows a
period of time (about a week) when the base-line barometric pressure remained
approximately constant, whi.e a local minimum (whizh occurred at about 56 p. m. MDT)
was seen daily. During a period when the barometric pressure behaves as shown in Fig.
9, an unfortunate pattern of collection of background and foreg.ound data could generate
either positive or negative results. For example, positive results would be obtained if cell
counting took place during the day and background counting at night. The magnitude of
the positive resnlts would depend on how closely the intervals used for the cell counting
corresponded to the 2 p.m. to 8 p.m. interval when the barometric pressure achieved the
daily minimum.
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Fig. 9.
Data obtained aboveground for a period when the barometric
pressure exhibited a daiiy minimum relative to an
approximately constant base line.

The data presented in Figs. 4 and 8 could have been interpreted as long-term
“neutron bursts” lasting up to 2 daye. While these “bursts” are due to real luctuations in
the neutron count rate, artifacts that were due to counter misbehavior were also seen.
These are discussed below.

Figure 10a shows the results obtained in the underground location for the
observation of high-multiplicity events. The figure shows the rates at which vanous
multiplicities are detected in 500-us intervals using the multiplicity counter. These
results were obtair.ed with the counter empty; with the electrochemical cells present
(both cperating and not operating), with the empty high-pressure gas cell present; and
with the lead brick present. Since the ave-- __ neutron counting rate was 0.33 counts/s,
there is negiigible probability for acridental detection of three neutrons within any
500-ps interval The estimated ra‘e for the accidental detection ¢f 3 neutrons within any
500-us interval ic 1.6 x 109/8, or about 0.003% of the rate measured for the empty
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Rates obaserved for the production of high-
mullplicity events obltained (a) below ground and
(b) aboveground. Events whose error bars reach
10-7 in the figure are due Lo one detected event,
and hence the error bur actually reaches W zero
The multipliaty scsler overflows at 30 detected
neutrons, and events of th:s size are not plotted in
the figure One such event was detected
underground, and 22 such eventa were detected
aboveground
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counter Three detected neutrons
corresponds to a two, the first
data point plotted in Fig. 10a.

The actual number of
neutrons present in the burst may
be inferred from the following
relauvonship:

N = (D+1)/E ,

where N is the number of
neutrons produced in the burst; D
is the number detected (plotted in
Fig. 10); and € is the counter
effiaency. This eficency is
calculated to be 22% at a neutron
energy of 2.45 MeV and ie roughly
constant over the rmnge of 0 to
ncar 2.45 MeV. However, if
neutrons above this energy range
contribute significantly to the
burst event spectrum, the number
of neutrons produced in the burst
could be seriously under-
estimated. The multiplicity seems
to die out at ~ 20 detected
neutrons, although two events
with > 20 detected neutrons were
observed. Twenty detected
neutrons would correspond to a
burst size of about 96 nentrons.
Figure 10a shows that
results from the counter plus
high-pressure gas cell and the
counter plus electrochemical cells
cannot be distinguished from the
empty counter. This means that if
a separate counter is used o
determine the background, the
physical characteristics of the
counter are juile important.
Presumably. the important
physical charactenistics are the
criss-sectional area or the
volume Using even a slightly
smaller counter as the monitor
could result in substantially
undereatimating the background
rates for these hurst events For
example af the background is
proportional to the counter



volume, using a monitor counter 16 in, on a side (compared to a counter 20 in. on a side
containing the cold fusion cell) would result in a background rate estimation for the high-
multiplicity events, which is lew by a factor of 2.

While Fig. 10a shows that measurement results for the various electrochemi-zal
cells, the high-pressure gas cell, and the empty counter are not distinguishable in this
experiment, there is & substantial increase in the rates for all multiplicities when the
lead brick is present.

Figure 10b show « the results obtained at ane of the aboveground locations. The
average neutron counting rate at this location was about 1.2 counta/s, again predicting
negligible probability (about 0.005% of the rate measured for the empty counter) for the
accidental detection of 3 neutrons in any 500-us interval. The rates at which the high-
multiplicity events are seen increase by abcut a factor of 30 for the empty counter
compared te the underground location. The rates for the lead brick increase by about a
factor of 65. Aboveground, 22 events with multipliaties of 30 detected neutrons were
seen. Because the scaler overflows at 30, some of these events could be larger than this
number, and we infer that at least 140 neutrons were produced in these bursts. An event
of this size could not be produced in an interaction with a single lead nucleus. The slopes
of the measured dependencies of the rates for high-multiplicity events v8 the number of
detected neutrons in the event are very similar for the lead brick in the counter in both
the above and below ground locations. In addition, the rates for detected multiplicities of
four or less appear to euggest that the counter plus high-pressure gas cell may Larely be
distinguished from the empty counter in the aboveground loc 1tion.

Aboveground, the rates at which the high-multiplicity events are detected increase
by a factor of 10 when the lead brick is added to the counter. This compares W an
increase of about 22% in the number of neutrons detected per 100-min interval, as shown
in Fig. 11 While its placement within the well emphasizes the lead brick's effect. these

T

Neutron Counts per Interval

— ] 1 — I A
0 20 40 0 L 100 120 140

Intervali Number (100 mirvinierval}

Fig 11
Data obtained during the empty counter 14 and lead 12 runs These
data were obtained consecutively in the same aboveground location
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results still suggest that the impact of any attemopt to provide shielding for an
experiment should be carefully evaluated to ensure that an opposite effect is not
achieved.

Both the appearance of high-multiplicity events clearly associated with the lead
brick and the strong increases in the detected rates for all high-multiplicity events seen
at the surface of the earth suggest that these events are due to cosmic rays. The much
lower rates observed below ground suggest that these cosmic rays are strongly
attenuated by the ~ 60 ft of rock that covers the underground location. If the primary
cosmicC ray were a proton, it would require about 3-4 GeV to release all the neutrons in a
lead nucleus at the earth's surface, including the energy necessary to penetrate the
atmosphere and perhaps one or more feet of concrete contained in several intervening
floors. The underground measurements would be sensitive only to those protons with
energies > 9-10 GeV, assuming a density of % g/cm® for the rock.

The signature of a high-multiplicity event is a string of ones in the multiplicity
scaler out to a number that equals one leas than the number of neutrons detected in the
event. If a stray neutron unrelated to the burst event were to be detected in that 500-us
interval, a 2 would appear in one of the scaler channels. The very low rate at which this
actually happens in the experiment suggests that the burst events take place in a time
period substantially less than 500 ps. The logic is that a process that produces neutrons
over a period of time comparable to 500 pus would produce a significant number of these
nunstandard signatures because of the 50-us time constant assocated with the counter.

A neutron spectrum obtained with the NE 213 counter placed in the throat of the
well counter is shown in Fig. 12a. This spectrum was obtained in approximately three
days of counting with three electrochemical ¢alls present in the counter (but with no
applied voltage). While this spectrum is impressive, a simila; spectrum was obtained
with the counter empty, as shown i1n Fig. 12b These tvio intervals were the only two (of
eight runs) where such structure was present. Structure in the naturally occurring
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background, but no excess
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01ts

r T I BB [ count rate ia present in the
010 (b) * wel! counter data during the

{ same interval (h) Neutron
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i + } } NE 213 apectrometer but with
0 #‘#” ' * ¢ no active cell present.
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neutron energy spectrum has been seen previously !"'* However, this structure was both
lower in energy, with a centroid of about 1 MeV, and wider than that seen in this
experiment,

The appearance of such structure has been discussed by O'Brieu et al.,'* who
explain the structure through the interactions of cosmic rays with various matenals
found near the earth, for example, the atmosphere, water, etc. Thus, while we cannot be
conclusive about our results, we feel that cosmic rays provide u possible explanation fcr
the appearance in the data of weak peaks at low energies. and that such an explanation
must be conclusively excluded before the presence of other processes can be established.

Counter misbehavior in this experiment has been observed to lead to “neutron
bursts,” (that is, apparent increases in the neutron count rate), which last from several
hours to several days. A simple method of deleting such phenomena in this work was to
divide the well counter into five segments, then compare the number of counts obtained
in each segment for each counting interval. An example is shown in Fig. 13, where data
from two of the five counter segments (called banks) in the empty counter 13 run are
shown, Counter bank 1 behaves normally, as do banks 2, 4, and 6, which are not shown
in the figure. Counter bank 3, on the other hand, exhibited errntic behavior, and was
removed from the data set prior to further analysis. Simultancous misbehavior of two or
more segments was never observed in this experiment, One advantage of having five
segments was that only 20% of the data would be lost for the counting intervals when
misbehavior occurred.

T 1 Ll T T T T | T

0 Bank t ooun's
9400 |- <« Bank 3 counts

e,
s " v
N

1800

Neutron Counts per ierval

o i A e R S e AR P g

0 20 40 60 80 100
Interval Number (100 min/ntarval)

1000

Fig. 13.
Plota of the neutron counts per 100-min interval for two of
the five well counter aegymenta.
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We discovered during this experiment that the fit of the neutron counts per interval
ve barometric pressure also provided a sensitive indication of counter misbehavior.
Figure 14a shows the fit obtained for the empty counter 13 run, when counter bank 3
showed up to a 16% increase in count rate, corresponding to up to 0.01 counta/s. Figure
14b shows the fit obtained when this counter bank was remcved from the data set. Such
fits might prove useful in casea where segmentation of the counter is not feasible, if
sufficdent statistical accuracy of the data can be achieved.

1 L T I

y = 29752 + 1616.7x
o<00| R%w0.215 i

Neutron Courts per interval

8300

(a)
7800 % i
7m:)0| A N - i -4 b
236 23.78 23.8 239
Barometric Pressure (in/Hg)
6100 T - T
y = 34125 - 1199 .8x
R? = 0.539
£ swo
E l
-4 (b)
§ 5700

— st — L L
5300
236 23.7 218
Barometric Pressure (In/Hg)
Fig 14
(a) Fit of the neutrun counts per 100-min interval va the inrometric
presaure when nll counter segments, including hank 3 fromn Ig 13, nre

included. (1) A mimilar fit achieved when counwer lmnk 3 was removed
f,om the data set The slope of the fitted line is -0 83 inm of g
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CONCLUSIONS

We have conducted a search for neutron emission from cold fusion systems of thz
electrochemical type and, to a much lesser extent, the high-pressure gas cell type. The
experiments were conducted on the earth’s surface and in a shielded cave approximately
50 ft underground using a high-efiiciency well counter and an NE-213 s~intillator. After
~ 6600 h of counting time, we }ave obtained no evidence for cold fusion processes leading
to neutron production. However, we have obaerved all three types of neutron data that
have been presented as evidence for cold fusion: (1) large positive {luctuations in the
neutron counting rate, (2) vweak peaks near 2.6 MeV in the neutron energy spectrum, and
(3) neutron bursts of up to a detected multiplicity of 30 (about 145 neutrons produced) in
R00-pus intervals. The data were obtained under circun.stances that clearly show our
results to be data encountered as a part ui the natur:lly occurming neutron background,
which are due primarily to cosmic rays. Thus, observing these types of dats does not, of
itself, provide evidence for the existence of cold fusion proczsses.

Artifucts in the data that were due to counter misbehavior were also observed to
lead to long-term "neutron bursts’ whose time duration variea from several hours to
scveral days.

We conclude that any experiment which attempts to observe neutron emission muet
include strong steps to ensure that the experiment deals adequately with both cosmic-ray
processes and counter misbehavior.

The cosmic-rav effects, including those resulting from interactions witk the
atmosphere and other materials near the earth, can ke quite subtile, and we believe that
the safest procedure is to attempt to remove these effects as much as possible by
pe-forming the experiment sufficiently far underground. We have ~hown that
experiments conducted 60 ft underground have stror,gly suppressed, though not
completely removed, cosmic-ray effects.

One effective method of detecting counter misbehavior is to segment the counter.
Other ways of dealing with this prechlem may also be found. For example, we have shown
that, if the counting rate is sufficient, a fit of the observed counts per interval of time vs
the barometric pressure provides s \ery sensitive measure of counter misbehavior.
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