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Abstract 

A system with promising characteristics was developed for the 
detection of 131rnXe, 133rnXe, '33Xe, and I3'Xe metastable isotopes for 
treaty verification of nuclear test ban treaties. The proposed method 
uses high-resolution electron and gamma-ray spectrometry and 
coincidence timing for signal selectivity and background rejection. 
The system enables the identification, quantification, and 
determination of the provenance of the relevant xenon isotopes. X-ray 
fluorescence gating is used to lower the backgrounds from other 
sources to well below the sub-becquerel level. Using coincidence and 
anti-coincidence schemes among the several detectors that comprise 
the system, K-shell conversion electrons were clearly identified with 
good efficiencies and energy resolutions (about 1.4 keV for the 30 
keV K-shell fluorescence x-rays and 25 keV for the conversion 
electrons). 



A High-Efficiency Radioactive Xenon Detection System for Verification of 
Test-Ban Treaties 

J.A.M. Lopes, R.E. Morgado and C.A.N. Conde 

The proposed method uses high-resolution electron and gamma-ray spectrometry, and 
coincidence timing for signal selectivity and background rejection. The system enables the 
identification, quantification, and determination of the provenance of a selection of radioactive 
gas isotopes. X-ray fluorescence gating is used to lower the backgrounds from other sources to 
well below the sub-becquerel level. 

133mXe, 133Xe, and 131mXe, the long-lived and non-reactive signature products of the fission 
process[l-31. The former isotope decays principally by beta decay to the 250-keV excited state 
of 13'Cs. Although no provision is made at this time to detect the 250-keV gamma ray, 6% of the 
branching ratio to the ground state is through the isomeric transition involving a conversion 
electron from the K-shell and its accompanying characteristic K, x-ray. Detection of this 
signature with its accompanying beta continuum is made possible by interrogating each silicon 
charged particle detector individually for a beta and a conversion electron. The same procedure 
is used for the detection of 45 and 81 keV from conversion electrons from '33Xe decay into 
133Cs, with a conversion electron branching ratio of 63%. 
The 133mXe and 131mXe radioisotopes decay by isomeric transition into electrons with discrete 
energies derived from the energy of the nuclear metastable state and the atomic shell from which 
the electrons are internally converted: 199 and 232 keV for 133mXe, and 129 and 163 keV for 

Xe. The conversion electron branching ratios are 90% and 98% for 133mXe and 13'mXe, 
respectively. 
Isomeric transition is invariably accompanied by fluorescence x-rays from either cesium (K, 
30.854 keV, Kp 35.149 keV) or xenon (K, 29.669 keV, Kp 33.777 keV) daughter isotopes. 
The proposed method simultaneously detects characteristic K, x-rays with high efficiency in 
time coincidence with the conversion electrons with good energy resolution (about 1.4 keV for 
the X-rays and 25 keV for the conversion electrons). Thus, these two radioisotopes can be 
identified even in the presence of large ambient backgrounds from other sources. 

The detector consists of a central gas-sampling chamber and conversion electron spectrometer, 
surrounded by two gas proportional scintillator counters (GPSCs), as shown in Figure 1. This 
electron spectrometer is made by the gas-sampling chamber that works as a multi-wire 
proportional counter (MWPC) and two silicon charged-particle detectors, all assembled within a 
beryllium pillbox that also functions as the range-absorber for the beta-decay products that 
would constitute a major source of background of the GPSCs. 

The detection efficiency of the gas cell detectors (the proportional counter together with the two 
Si detectors) for the conversion electrons was calculated by the Monte Carlo method, assuming 
that the gas cell is uniformly filled with a 10-cm3 xenon gas sample. The calculated efficiency 
for conversion electrons was determined to be about 60%. 

The xenon radioisotopes of particular interest for monitoring fission reactions include 135 Xe, 

131m 

For the present conditions, 10% of the 30 keV x-rays are absorbed inside the proportional 
counter, 10% in the Si detectors, and only 1.3% in the Be shield. For a xenon pressure of 10 
atmospheres, 74% of the 30-keV x-rays are absorbed in the GPSCs. Since the K-shell 
fluorescence yield for Xe is 89% and for Cs 89.5% the detection efficiency is 89% x 74% x 60% 
= 40%. 



The system was tested with a '09Cd conversion-electron source to mimic the xenon isotopes. The 
63 keV conversion electrons are detected in coincidence with fluorescence X-rays from Ag with 
22.1 and 25.0 keV (Figure 2). 

Experimental results obtained with the test source will be presented together with a detailed 
analysis and discussion of the system capabilities. 
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Figure 1- System schematic showing in detail the sample chamber where electron conversion detection 
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Figure 2: Detection in coincidence of 63 keV conversion electrons from ''%d and Ag K fluorescence X- 
rays, with the proposed system. 
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