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Along with the increasing experience from more than 15 years of radioxenon system operation and analysis,  it has been found that there are reasons to re-visit the present 
analysis method (the NCC-method [1,2])  normally used to analyze radioxenon beta-gamma spectra. We present a new analysis method – the Beta-Gamma Matrix (BGM)  method 
- with several benefits compared to the NCC-method: 

1) An improved treatment of the calculation of decision limits.
2) Less complex equations thanks to a matrix formulation of the problem.
3) Fewer regions-of-interest (6 instead of 10).
4)  Simplified introduction of new interference terms.
5) More straightforward treatment of covariances

Basic equations

We define six regions-of-interest (ROIs, see fig. 1) .  
The vector    of observed gross-counts in all ROIs, including gas-
background if that is used, can be expressed as 

where     is the ROI-specific activity,    is the detector background 
counts,      is the sample(gas background)/detector background 
counting time ratio*, and      is the sensitivity matrix, converting 
measured counts to activity. The activity is then estimated as       

The total error for     is given by  

 

And the covariance matrix for   is calculated as

where        is the vector of row    in    .   

Fig. 1: A beta-gamma spectrum recorded with the SAUNA III radioxenon system (left), and 
definitions of the regions-of-interest used in the new analysis method presented here (right).  
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Uncertainty from counting statistics

Uncertainty from efficiencies, branching ratios, 
interference factors, and xenon volume. 
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The part of the covariance matrix involving ROI 4, 5 and 6 is more 
complicated, since ROI 5 and 6 are contained inside ROI 4:

       

Decision limits – initial approach

As a first approach we calculate the critical limit for an ROI   using 
the Poisson-Normal approximation according to [3]:

where the estimated background and its variance is given by    

where        is row     in the sensitivity matrix, but with            , and     
is the covariance matrix for    calculated above. Monte-Carlo 
simulations show that this approach will result in too high false 
detection rates for low-background ROIs (se Fig. 2 and table 1), and 
sometimes gives an undefined answer. The reason is that the 
uncertainty of the background estimate is large, sometimes even 
resulting in a background less than zero. 
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Decision limits – modified approach

To correct for the sometimes nonphysical background estimate we 
introduce a Bayesian prior demanding             , which results in a 
truncated Gaussian as the posterior probability density distribution 
[4]. The background estimate is then modified according to  

This gives better agreement between estimated an true 
background (Fig. 2), and results in false detection rates closer to 
the assumed confidence level (table 1). 

Results from measured  data
Analysis of data from the new 
SAUNA III (see poster       ), show 
that the BGM results in similar 
activities as the NCC- method, but 
the critical limits are slightly larger 
for low-activity samples.  
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= ŷ0 i+

√var ( ŷ0 i)
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Fig. 2: Monte-Carlo simulations of true (green) and estimated  distributions of the zero-signal
background of ROI 5 ( 131mXe) and 6 (133mXe) in the new SAUNA III – system. Upper panels are results 
for the initial approach, and the lower panels are the result after the Bayesian correction has
been applied.    

Table 1: Monte-Carlo simulated  false detection rates (%) with the BGM – method. Method A uses
the original approach, and Method B includes the Bayesian correction. The assumed confidence 
level is 95%, which ideally should result in a 5% false detection rate.    
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Fig. 3: A comparison of the critical limits obtained with 
the NCC- and the BGM – method, using data from the 
SAUNA III – system.     

* The symbol     is the Hadamard product.   ∘ (A ∘B)ij=AijBij
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The method is now used as the standard radioxenon beta-gamma analysis method at the Swedish National Data Center for CTBT monitoring.  
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