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EOS with Spherical Expansion of 16O nucleus vs alpha-clustering
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Mean field: quite wrong
In reality rather: “alpha-condensation”!
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Finite nuclei ?
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Bosons Back to 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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``BEC’’ in 12C A α α
α
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Infinite nuclear matter:
critical temperature
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Figure: Critical temperature for α condensation as a function of chemical potential
(left panel) and as a function of uncorrelated density (right panel) compared to the
one of neutron-proton (deuteron) pairing (broken line). The crosses correspond to a
full solution of the in medium Faddeev-Yakubovsky equations with the Malfliet-Tjohn
potential [?]



Fully self-consistent quartet alpha-order parameter
〈c1c2c3c4〉δ(k1 + k2 + k3 + k4)
at T = 0
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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:

µ = −3 (MeV)

ω (MeV)
g
(ω

)
(1
0
−
9
fm

−
9
M
eV

−
1
)

0-5-10-15-20

20

15

10

5

0

µ = 3 (MeV)

ω (MeV)

g
(ω

)
(1
0
−
9
fm

−
9
M
eV

−
1
)

1050-5-10

20

15

10

5

0

µ = 35 (MeV)

ω (MeV)

g
(ω

)
(1
0
−
6
fm

−
9
M
eV

−
1
)

100806040200-20-40

16

14

12

10

8

6

4

2

0

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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