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While complex networks are emerging as a central paradigm in quantum technologies, quantum criticality on
these structures remains poorly understood. Here, we investigate spin models on the "Power-of-Two" (PW2)
graph — a sparse network with $O(\log N)$ couplings per site that is realizable in programmable quantum
simulators. The graph's spectral parameter $\alpha$, governing the decay (or growth) of interactions, gives rise to
rich zero- and finite-temperature phase diagrams of the transverse-field Ising and XXZ models. Using effective
field theory and the functional renormalization group, we demonstrate that $\alpha$ acts as a continuous tuning
knob for the universality class of the system, driving it from local criticality, through a long-range regime, to an
exotic ultrametric fixed point governed by $p$-adic geometry. By extracting the quantum dynamical exponent $z
$ and correlation length exponent $\nu$, alongside thermal exponents, this work establishes a framework for
understanding universality on complex graphs.



