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ABSTRACT

A study was made to detect X-radiation and energetic particle emission from nuclear reactions
that may be initiated during low-voltage gas discharge in deuterium. Evidence is presented for
X-radiation having an energy nearly equal to the voltage applied to the discharge and energetic
particle emission similar to deuterons having energy with peaks between 0.5 and 3 MeV. A study
of radiation emitted from materials exposed to deuterium gas is underway.

. INTRODUCTION

Emission of radiation is characteristic of nuclear reactions. Such radiation is required to
carry away momentum and energy from the reaction and deposit it as heat in the environment. In
contrast, the nuclear reactions associated with cold fusion appear to produce less radiation than
expected when detection is attempted outside of the apparatus. This unexpected behavior has
encouraged a search for low-energy radiation within the device. This search isimportant because
detected radiation clearly shows that nuclear reactions are occurring and provides information
about the process. Consequently, such observations are far more supportive of a nuclear reaction
than the conventional measurement of heat.

In addition to heat energy, cold fusion is found to produce helium®™*? and occasionally
tritium™?%. The helium is expected to originate as energetic alpha particles and the tritium as
energetic tritons. A search for such energetic particles has been undertaken by other workers
using CR-39 as the detector.?° However, energetic particles can also be detected using a silicon
barrier detector (SBD), from which their energy can be obtained, or by use of a Geiger-Mueller
(GM) counter, using absorbers to determine their energy. These methods are used in this study to
measure the energy of the detected radiation. This paper further describes studies reported
previously. 2%

Two methods to initiate a fusion reaction have been explored. First, a discharge has been
studied in low-pressure D, gas using various kinds of cathode materials. Second, fine powders of
materials containing palladium have been exposed to pressurized D, gas. Both the SBD and GM
detectors were used in the former study while only the SBD was used in the latter work.

II. EXPERIMENTAL
I1.1. Gas Discharge

The gas discharge cell is shown in Fig. 1. The cathode is a water-cooled thin sheet of
various metals including, Al, Cu, Pd, Pd+Pt, Pt Ti, bronze, brass, or stainless steel. The cathode
is surrounded by a shroud consisting of various insulators including Teflon, Lavite, Al,O3; or BN



in order to force the discharge to occur within a well defined region of the metal surface. The
anodeis either aPd or W rod located so as not to block the view of the cathode by the detectors.
The s;/stem IS evacuated using a turbomolecular pump capable of reaching pressures less than
1x10" Torr. After evacuation, the system is filled with deuterium gas (99.95% D + 0.05% H) to
a pressure between 10 and 40 Torr, depending on the nature of the study. Gases consisting of No,
Oz, Ar, Hy, H20, or D,0O are used either alone or mixed with D,. A DC voltage between 500 V
and 900 V is applied at a current between 0.05 A and 0.3 A, using current control. The various
measurements are recorded using Labview (National Instruments) and Maestro (Ortec) programs
with an iIMAC computer running both Windows XP and 0S10.5.4.

FIGURE 1. P of the gas discharge apparatus. The detectors are located on the left and the
water cooled cathode is on the right. H,O or D,O vapor is supplied from small glass containers
of the liquid as seen on theright.

The cathode surface is viewed by either a SBD, a GM, or both at the same time. Various
SBD made by Ortec are used. Calibration of the SBD is done using Po?’? in vacuum. The shape
of the peak in vacuum (Fig.2) has a Gaussian relationship on the high-energy side but has slight
broadening on the low-energy side caused by self-adsorption. Most of the peaks attributed to
charged particles found in this study could be fit by a similar Gaussian equation. A study of
energy vs. distance between the source and detector in air shows that the relationship between
BIN number and energy is linear, as can be seen in Fig. 3. The BIN number was calibrated at
lower energy by using a source of pulses (Ortec 419) having a linear relationship to energy that
were fed into the preamp at the same location as the pulses from the SBD. An example of a peak



produced by these pulses is shown in Fig. 2. However, the apparent energy has to be modified
because the SBD is covered by a thin auminum light shield that removes some energy,
depending on the kind of particle passing through it. The various corrections are listed in Table 1
for energy near 1 MeV based on the ASTAR tables. Because the kind of particle is not known
initially, the apparent energies noted on the figures are the measured value without a correction
for the light shield. The values are only used to compare the relative effects of absorbers and
applied voltage. Once the particles have been identified later in the paper, actually energy will be

assigned to each peak.
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A system of moveable absorbers allows various thickness of Mylar, aluminum or copper
to be imposed between the cathode and detectors. As many as three absorbers could be imposed
during the same run in front of either the GM or the SBD. One of these absorbers is dways a
thickness of copper sufficient to completely stop the radiation. Only counts that are completely
stopped by this absorber are accepted as being caused by actual radiation, in contrast to being
caused by electrical noise in the counting circuit. Such noise was frequently generated by the
electrical discharge when conditions had not been properly adjusted.

Two different GM tubes made by LND were used, one with a 2.5 mg/cm?® window and
the other with a 0.3 mg/cm?® window. Because of its reduced absorption, the thin-window tube
had a higher counting rate in spite of having a window only 1.5 mm in diameter compared to the
9 mm diameter of the other tube.

TABLE 1
Changein energy produced by passing 1 MeV particles
through absorbers based on ASTAR tables

1.2 pm Aluminum 2.0 um Mylar 3.0 um Mylar
Alpha, MeV 0.39 0.54 0.81
Proton, MeV 0.075 0.095 0.14
Thickness, g/lem* 0.000324 0.00028 0.00042

Calibration equation for SBD: MeV = 0.000657* BIN

1. RESULTS

I11.1. Particle M easurement

Many peaks in the SBD spectrum were detected, some of which were clearly produced
by electrical noise injected into the detection circuit by the discharge. Peaks that could be
eliminated by imposing a thick absorber in front of the SBD are assumed to be caused by rea
particles. Further support for this conclusion is obtained when the intensity and energy are
reduced by athin absorber.

The sequence of the measurement is shown by the data number in each of the following
figures. A few figures show the counting rate of a GM counter that detected the X-radiation
emitted from the cathode along with the particles. The energy noted on the figures is uncorrected
for the light shield. Therefore it can only be used to show relative changes in energy produced by
the absorbers and voltage. The complete data set is listed in Table 2 along with corrected
energies based on the particles being a pha or protons. A conclusion about the kind and energy of
the particlesis saved for the discussion section.

A gas mixture of approximately equal amounts of D, and D,O produces the spectra
shown in Figs. 7, 8, and 9. When 721V is applied, a weak emission at 0.32 MeV is produced.
Increasing the voltage to 771 V causes a peak to appear at 0.20 MeV, with an indication of a
peak near 0.1 MeV that is partially overlapped by the noise region. A further increase to 800 V
causes a peak at 0.26 MeV, with adecrease in intensity, and additional radiation near 0.1 MeV to
form. Moving to Fig. 8, imposition of 3.0 um of Mylar at 800 V reduced the peak at 0.26 MeV to
0.23 MeV without significantly changing the peak near 0.1 MeV. A thick copper absorber
eliminated al peaks. When a 2.0 um Mylar absorber is used instead of the 3.0 um Mylar at 767
V, the peak shifts by 0.02 MeV showing the effect of 1.0 um of Mylar, as seenin Fig. 9. Again,
athick absorber eliminates all peaks except for the noise below about BIN = 150.



Date
11/28/07

12/7/07

12/10/07

12/11/07

12/12/07

12/13/07

Absorber

1.2 umAl
1.2 umAl

1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl

1.2 um Al+3.0 um Mylar
1.2 um Al+3.0 um Mylar

1.2 um Al+2.0 uym Mylar
1.2 umAl

1.2 umAl
1.2 umAl
1.2 umAl

1.2 umAl
2*1.2 um Al
2*1.2 um Al
1.2 um Al+3.0 um Mylar

1.2 um Al+3.0 um Mylar
1.2 umAl

1.2 umAl
1.2 umAl
1.2 umAl

1.2 um Al+3.0 um Mylar
1.2 umAl

1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl
1.2 umAl

Applied
volt

823
823
760
760
760
760
721
771
800
801
764
767
767
7
788
791
791
7
781
786
766

671
756
756
756
785

739
739
739
739
773
773
773
773
794
794
794

TABLE 2

Summary of all data

BIN
640
1430
300
680
1100
1500
480
300
400
350
430
460
340
350
390
420
1100
590
none
520
350

350
330
750
1160
300

280
690
1100
1550
440
950
1520
2050
540
1170
1820

Intensity Measured, Alpha, Proton,

for 1 min

65
5

4125
400
50
25
10
25
12
25
10
12
29
30
50
152
10
10

20
10

10
400
30

550
40
10

900
75
15

450
45

MeV
0.42
0.94
0.20
0.45
0.72
0.99
0.32
0.20
0.26
0.23
0.28
0.30
0.22
0.23
0.26
0.28
0.72
0.39

0.34
0.23

0.23
0.22
0.49
0.76
0.20

0.18
0.45
0.72
1.02
0.29
0.62
1.00
1.35
0.35
0.77
1.20

MeV
0.81
1.33
0.59
0.84
111
1.38
0.71
0.59
0.65
143
1.48
1.23
0.61
0.62
0.65
0.67
0.86
117

1.54
1.43

0.62
0.61
0.88
115
1.40

0.57
0.84
111
141
0.68
101
1.39
174
0.74
1.16
1.59

MeVv
0.50
1.01
0.27
0.52
0.80
1.06
0.39
0.27
0.34
0.44
0.50
0.47
0.30
0.30
0.33
0.35
1.53
0.54

0.56
0.44

0.30
0.29
0.57
0.84
041

0.26
0.53
0.80
1.09
0.36
0.70
1.07
1.42
0.43
0.84
127

Gas
composition
D,+D,0
D,+D,0
D,+H,0
D,+H,0
D,+H,0
D,+H,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
D,+D,0
H,+D,+H,0
H,+Dy+H,0
H,+Do+H,0
H,+Do+H,0
Hy+Do+H,0
H,+H,0
H+H,0O
H,+H,0
H+H,0O
H,+H,0
H+H,0O
H,+H,0
H+H,0O
H,+H,0
H+H,0O
H,+H,0



1.2umAl 794 2650 5 1.74 213 182
1.2umAl 794 3100 5 204 243 211
Measured, Alpha, Proton,
Date Absor ber Voltage BIN Intensity MeV MevV  MeV
1.2umAl 794 3600 2 2.37 276 244
2¢1.2 um Al 774 500 6 0.33 111 048
2*1.2 um Al 774 250 33 0.16 094 031
12/18/07 1.2umAl 748 290 0.19 058 027
1.2umAl 785 420 7 0.28 067 035
1.2umAl 815 550 6 0.36 0.75 044
1.2umAl 845 730 30 0.48 087 055
150 N T T LA L N L L |
. s . . #3,721V, 261 c/s
° a #4, 771V , 737 cls
- - #5, 800V, 1048 c/s
: =, uncorrected for light shield
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FIGURE 7. Spectrum produced using a Cu cathode, Al,O3 shroud, and a gas containing D, and
D,0 at about 18 Torr. The count rate of the GM counter has a linear relationship to voltage and,

in this case, extrapolates to zero at 695 V.

The next day, the system was opened to air and new absorbers were installed. The gasis
again a mixture of D,+D,0. A clear peak can be seen in Fig. 10 at 0.28 MeV for 791 V and a
smaller peak at 0.72 MeV. An energy of 0.34 MeV is produced at 786 V when 3.0 um Mylar is
inserted and this decreases to 0.39 MeV for 777 V when extra 1.2 um Al isimposed. Imposition
of 1.3 mm Cu stops all radiation below BIN=200, shown in Figs. 11 and 12. Counts below
BIN=200 are assumed to result mainly from noise, although some counts in this region are
removed by the thick absorber. Use of 3.0 um Mylar at 766 V produces a peak at 0.23 MeV
similar to the peak produced without Mylar at 777 V, as shown in Fig. 12.
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FIGURE 8. Spectrum produced using a Cu cathode, Al,O3 shroud, and a gas containing D, and
D,0 at about 18 Torr.
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FIGURE 9. Spectrum produced using a Cu cathode, Al,O3 shroud, and a gas containing D, and
D,0 at about 18 Torr.



