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 TABLE III.—COMPARISON OF MEASURED PEAK GAMMA LINES WITH NATURALLY OCCURING BACKGROUND 
RADIOISOTOPES AND ERBIUM OR HAFNIUM RADIOISOTOPES 

[Accepted gamma energy data from Lawrence Berkeley National Laboratory (LBNL, Ref. 11).]

Experimental data 
Accepted data per LBNL 

Radioisotope gamma linesa

Specimen Measured peak/ 
Calculated half-life (t1/2) 

Naturally occurring background Created from test material 

PGL2150-2153 46.47 keV/42.67 min  

210Pb (t1/2 = 22.3 y) 163Er: x-ray lines (t1/2 = 75.0 min) 
Energy, 

keV 
Intensity, 
percent 

Energy, 
keV

Intensity, 
percent

46.54 4.25 47.55 39.90 
46.70 22.40 

  53.88 7.98 
  6.72 6.70 

PGL2150-2153 111.57 keV/16.46 h  

234Th (t1/2 = 24.1 days) 171Er (t1/2 = 7.52 h)
Energy, 

keV 
Intensity, 
percent 

Energy, 
keV 

Intensity, 
percent 

63.29 4.80 308.31 64.40 
92.38 2.81 295.90 28.90 
92.80 2.77 50.74 23.50 

112.81 0.28 111.62 20.50 

PGL2150-2153 295.88 keV/4.79 h 

214Pb (t1/2 = 26.8 min) 171Er (t1/2 = 7.52 h)
Energy, 

keV 
Intensity, 
percent 

Energy, 
keV 

Intensity, 
percent 

351.93 37.60 308.31 64.40 
295.22 19.30 295.90 28.90 
241.99 7.43 50.74 (x-ray) 23.50 
53.23 1.20 111.62 20.50 

PGL2142-2145 443.41 keV/11.21 h  

223Ra (t1/2 = 11.44 days) 180mHf (t1/2 = 5.5 h)
Energy, 

keV 
Intensity, 
percent 

Energy, 
keV 

Intensity, 
percent 

269.46 13.70 332.28 94.10 
154.21 5.62 443.09 81.90 
323.87 3.93 215.26 81.30 
144.23 3.22 57.56 48.00 
338.28 2.79 93.33 17.10 
445.03 1.27 500.64 14.30 

aItalic numbers were those values that were compared. 
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4.0 Discussion 
Considering the neutron activity data collected and the conditions of the experiment, several mechanisms are 

discussed. 

4.1 Neutron Energies 

Based on the tests performed and subsequent analysis of the data, it is clear that a range of neutron energies 
were created, only when irradiating samples containing deuterium. The 115Cd and 159Gd neutron activation materials 
indicate that thermal neutrons were present. When irradiating samples that were hydrogenated or were unloaded, 
no neutrons were measured by the cadmium material. The Bubble Detectors indicated neutrons with energies 
>100 keV were present. The CR–39 detectors indicated that appreciable neutrons in the 1.4 to 2.5 MeV range were 
present. The detector’s minimum threshold for detection is 144 keV. On several detectors triple tracks were found, 
indicating neutron energies 10 MeV or greater. 

4.2 Mechanisms Considered  

There are several plausible mechanisms for the observed neutron activations: 

(1) Deuteron photodissociation: Photodissociation was carefully considered, as this is an obvious source of 
neutrons. However, the beam end-point energy was shown to be below 2226 keV (deuterium photodissociation 
threshold) by the water tank ionization chamber method. Based on this method, the beam was operated below the 
photodissociation threshold, and therefore is excluded from being the source of neutrons.  

(2) Electron capture: Parent metal capture of electrons was also considered. Certain radioisotopes can be formed 
via electron capture. However, if electron capture would have occurred, then these spectral lines would have been 
obvious when exposing either the hydrogen-loaded materials or the bare, non-gas-loaded metals. No such activation 
was observed. Activation only occurred with those reactants containing deuterium. 

(3) Gamma-n processes: Photoneutron reactions were also considered. Classic photoneutrons are not the cause 
of the activation of the Hf, Er, or Mo in the deuterated cases. First, the gamma energy is several MeV too low to 
cause photoneutrons in these materials. Second, if photoneutrons were at work they would have occurred in both the 
hydrogenated and non-gas-loaded materials, but these reactants did not show activation.

(4) Gamma-metastable processes: As mentioned, 180mHf was created in the deuterated cases where hafnium was 
included. It was postulated that 180mHf may have been created by the gamma energy exciting 180Hf to the metastable 
condition. However this is not the mechanism, as again it would have occurred for either the H-loaded or non-gas-
loaded hafnium specimens exposed to the beam under the exact same conditions, but these metastable radioisotopes 
did not appear in those instances.  

(5) Mossbauer effect: Upon gamma ray excitation of nuclei that are embedded in the lattice, and if the recoil 
energy is not sufficient to generate a phonon, there is the finite probability that the entire crystal recoils, rather than 
an individual nucleus, resulting in essentially a recoilless emission of gamma-photon. This process is called the 
Mossbauer effect. However, it is well known that the Mossbauer effect results in milli-electron-volt energy levels, 
which are irrelevant in comparison to the energies being considered in this study. 

(6) Three-body interactions: Theoretically, one can postulate an event in which fluorescent photons arrive at a 
target nucleus also being exposed with a photon having energy very close to photodissociation, together exceeding 
the photodissociation energy. Aside from the typical exceedingly low probability of a three-body interaction, the 
highest fluorescent photons from the present experiments are in the 50 to 60 keV range. 

(7) Contribution from external sources: Activation was only found when D-fuel was included in the specimens. 
This would argue strongly against specimen contamination from external sources. Regarding potential 
contamination, the gamma energy spectral lines were specific for the radioisotopes identified in the paper and were 
not those for lead, thorium, or radon radioisotopes, and were further confirmed with half-life determination. 

The Standard Model of particle physics, incorporating the electromagnetic, weak, and strong forces may 
provide for other possible mechanisms that account for the reactions observed herein. However, discussion of those 
is beyond the scope of the current experimental work.  








