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Anatomical connectivity between brain regions can be represented as a network —the connectome— where the
intensities of the links, the weights, influence resilience and functional processes. However, many features associated
with these weights are not fully understood, particularly their multiscale organization. In this paper, we investigate
the architecture of connection weights in multiscale human brain connectomes. We uncover multiscale self-similarity in
the weighted statistical properties of the connectomes, including the ordering of weak links, which remains consistent
across the analyzed length scales. Additionally, we show that these observations are well explained by the weighted
geometric soft configuration model WSD, which uses the same set of rules to model both weak and strong links, and
supports the observed scale invariance through its renormalizability. This finding eliminates the need for separate
generative connectivity rules for weak and strong connections at specific scales in brain connectomes. The observed
symmetry suggests a signature of criticality in the weighted organization of the human brain and raises important
questions for future research, such as the existence of symmetry breaking at some scale.
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