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Finite nuclei ?
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Boson occupancies:
α-particle density matrix: ρα(R,R′), R: c.o.m. of α
diagonalisation
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Comparison with experiment: inelastic form factor to Hoyle
THSR and GFMC(Pieper et al.)
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Quantum Phase Transition in infinite matter and 16O Lazauskas, Sogo et al., PRC 79, 051301
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Fully self-consistent quartet alpha-order parameter
〈c1c2c3c4〉δ(k1 + k2 + k3 + k4)
at T = 0
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Schematic view in case of BCS:
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Alpha condensation stops at µ ' 0.55 MeV
This corresponds to ρ ∼ ρ0/5→ Quantum Phase Transition!



Why does it stop?
Three-hole level densities:
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Figure: 3h-level density for negative (top) and two positive (bottom) chemical
potentials [?].



CONCLUSIONS
Hoyle state precursor of α particle condensation in nuclear matter
Alpha (quartet) condensation only exists at low density (ρ < ρ0/5)
Alpha-Condensation is a Quantum Phase Transition with density as
control parameter.
Stems from vanishing four particle level density at Fermi-energy
Alpha condensation predicted in heavier nuclei. E.g. 16O: 6-th 0+ state at 15.1
MeV
Dream: Coulomb explosion of 40Ca
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