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Abstract
The Bayesian paradigm with proper priors can be extended either to improper dis-
tributions or to finitely additive probabilities (FAPs). Improper distributions and dif-
fuse FAPs can be seen as limits of proper distribution sequences for specific con-
vergence modes. In this paper, we compare these two kinds of limits. We show that 
improper distributions and FAPs represent two distinct features of the limit behav-
ior of a sequence of proper distribution. More specifically, an improper distribution 
characterizes the behavior of the sequence inside the domain, whereas diffuse FAPs 
characterizes how the mass concentrates on the boundary of the domain. Therefore, 
a diffuse FAP cannot be seen as the counterpart of an improper distribution. As an 
illustration, we consider several approach to define uniform FAP distributions on 
natural numbers as an equivalent of improper flat prior. We also show that expected 
logarithmic convergence may depend on the chosen sequence of compact sets.
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1 Introduction

Improper priors and finitely additive probabilities (FAP) are the two main extensions 
of the standard Bayesian paradigm based on proper priors, i.e., countably additive 
probabilities (see Hartigan 1983,  p.  15). Both extensions induce paradoxical phe-
nomena such as strong inconsistency (Stone 1976; Dubins 1975) or marginalization 
paradoxes (Dawid et al. 1973) that do not occur with proper priors. To have a better 
understanding of these phenomena, some authors such as Stone (1982) or Kadane 
et al. (1986, p. 218), consider improper distributions and FAPs as limits of proper 
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