






TABLE III. Protection Against False Signals
1. EMI* shielded signal lines and high voltage
2. Hermetically sealed and dried high-voltage components
3. Power-line noise filters
4. Multiple independent counter segments
5. Two (or more) different detectors
6. Neutron spectral energy
7. Pulse time of arrival (slowing down)
8. External veto detectors
9. Variable distance detectors
10. Pulse shape analysis
11. Cosmic-ray shielding (underground)
12. Rigorous control runs
*EMI corresponds to electromagnetic interference.

To gain better sensitivity in the experiments, it is necessary to reduce the cosmic-ray
background signal by electronic means or shielding or both. The true neutron background has a
random component from the decay of radioactive elements and a time-correlated component
from cosmic-ray spallation reactions in the sample or detector body. The time-correlated
background can be greatly reduced by performing the experiment underground. For example, the
coincidence background decreases by a factor of 103 in the 70-m-deep tunnel at Los Alamos and
by a factor of 105 at the deep-mine locations at Leadville, Colorado, and Kamioka, Japan1 (1000
m). The coincidence neutron background rate is only ~0.1 counts/d for a 32% efficient 3He
detector in the Leadville tunnel.

HIGH-VOLTAGE-LEAKAGE NOISE TESTS
In response to an observation4 that electronic noise bursts can be caused by moisture

condensation in the high-voltage (hv) section of the detector during liquid nitrogen (LN)
temperature cycles, we performed a series of experiments to look for this problem. A low-
temperature cycle of the sample in the detector can reduce the detector temperature so that
moisture condensation might cause hv leakage on the signal line. This problem normally is
prevented by the presence of desiccant in the hermetically sealed hv box. However, if there is an
air leak into the box, the interior condensation can occur under humid air conditions.

For the tests, we directly applied steel pieces (~2 kg) that had been cooled by LN to the hv
junction box and the detector body. The counts from the detector were collected for 8 to 12 hours
as the system returned to room temperature. The cooling-warmup cycle was repeated about 10
times for the three 3He-detector systems 1, 3, and 4 listed in Table IV.5 Detectors 1 and 4
demonstrated no vulnerability to the noise tests. However, detector 3 gave intermittent noise
bursts during the warm-up period, but the noise occurred only on humid days (rainy days). To
enhance the problem, we placed detector system 3 in a plastic bag containing water to increase
the relative humidity to ~100%.





RESULTS
Of the 19 samples prepared during the current set of experiments, only two gave excess

neutron emission above the background levels. Many procedural variations were tried including
deuterium gas loading at high temperature (400 to 500°C), gas loading at low temperature (-100°
to 23°C), and temperature cycling from -197°C to 400°C inside the counting chamber. We gave
a typical sample 10 to 20 LN temperature cycles before we stopped the measurements.

Sample DD-17. We measured the highest neutron emission from sample DD-17. This sample
contained 304 g of Ti (6,6,2) contained in a 1 L stainless steel (SS) sample bottle. The sample
was degassed at a maximum of 230°C using helium to flush out the remaining air and cleaning
agents.

During the neutron measurements, LN temperature cycles were performed with a small
amount (1 to 4 L) of D2 gas being absorbed during the warmup from LN temperature. On the
seventh LN cycle, 17 L of D2 were accidentally added to the sample while at LN temperature.
About 1 h into the warmup, a portion of the Ti chips went into a hot exothermic reaction
excursion when all of the gas was absorbed in about 15 s. A localized spot on one side of the SS
bottle was hot; the rest of the bottle was still covered with frost. The bottle was immediately
dunked into LN for 10 min and then removed from the LN and allowed to warm up in the
detector.

During the first 2 h after the hot absorption, the sample emitted three bursts of neutrons as
shown in Fig. 1. Detector system 4 has both inner and outer rings of 3He detectors as shown in
Fig. 2. The 16 inner tubes have a counting efficiency of 31% and the 8 outer tubes have an
efficiency of 5%. The ratio for the inner/outer detector efficiency is 6.22 as measured with a
252Cf source (2.3 MeV). The detectors have independent electronics. The collection time bins for
the inner detector were 200 s long and the outer time bins were 10 000 s. The ratio of the excess
neutron counts in inner/outer rings was 6.2 ±2.1 that compares well with the calibration ratio of
6.22 for 252Cf neutrons. Based on Monte Carlo calculations,7 this ratio would be ~2.6 for 14-MeV
source neutrons.

After three additional LN temperature cycles with little or no neutron emission above
background, sample DD-17 was moved to the 3He detector (system 1) that was located in the
underground tunnel (70 m deep) at Los Alamos to obtain a higher counting sensitivity. The first
LN cycle in detector 1 consisted of multiple short cycles where the sample was recooled in LN a
total of five times during the 6-h warmup period. The cold sample at -197°C was filled with 8 L
of D2 gas and the temperature and pressure were monitored during warmup. The observable gas
absorption process began when the temperature reached ~-100°C and the absorption rate
increased with temperature. After about 1.5 L of gas were absorbed and the temperature reached
-30 to -10°C, the sample bottle was dunked into LN for ~1 min to cool the sample below -100°C
and stop the absorption process. This process was repeated five times, after which the sample
was left in the detector for ~5 d of counting.

Figure 3 shows the neutron coincidence counts collected in detector system 1 where the first
large burst came after the first short cycle. Two bursts were observed during the multiple LN
cycles and the excess activity continued for ~50 h with 15 bursts as shown in Fig. 3. In addition
to the large bursts, there was an excess of small time-correlated events in which only two
neutrons were detected. The average control cell background rate in this detector is ~2 counts/d
and during the excess activity period the doublet rate was three times higher than normal. Sample



DD-17 was temperature cycled eight more times over a 30-d period with no further neutron
emission above background levels.

Fig. 1. Neutron coincidence results for sample DD-17 in detector system 4 where the counting intervals are
200 s for the inside ring of tubes (lower graph) and 10 000 s for the outside ring of tubes (upper graph).

Fig. 2. Schematic diagram of detector system 4 showing the 3He tubes and the signal processing electronics
including the amplifiers (A), shift registers (SR), total scaler (T), and coincidence scaler (R). The inside and
outside rings of 3He tubes have independent electronics and the inside/outside count ratio is used as a
consistency check.


