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The QCD phase diagram of
dense baryonic matter
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This Phase Diagram is not
directly relevant
for astro applications:

Lepton-baryon coupling
leads to the emergence
of clusters

Source: WIKIPEDIA
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Linear response theory: T=5MeV p=0.05fm’; Z/A=0.3 Sly230a
§pg(k,7) = Age™" +cc q=n,p,e

_ _ __0%6f
8f =68H —Tés Cpq(k) = TRTT

C.Ducoin et al NPA 789 (2007) 403,

electron-proton coupling

|
The e.m. interaction couples the baryon and the lepton sector
This is true even at the mean-field level because of
electroneutrality f(pg,po.p1) = falps. po) + filpL. Po) i Po=0
Consequence: gquenching of LG phase transition

This is true for incompressible e: could the PT be recovered
accounting for e polarisability?
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C.(k) < 0 unstable

PRC 75 (2007) 065805.




electron-proton coupling

The e.m. interaction couples the baryon and the lepton sector
This is true even at the mean-field level because of
electroneutrality f(pg,po.p1) = fa(ps Po) + filpL. Po) 5 Po=0
Consequence: guenching of LG phase transition

Cannot be recovered accounting for e polarisability
Continuous transition through a cluster phase

EoS at p<p, without nuclei is not correct !
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A.Raduta,F.G.,PRC 82:065801 (2010)
PRC 85:025803 (2012)

The extended NSE model

O Mixture of nucleons,
clusters of all sizes,
Y,€,et,v

[0 Nucleons treated
in the Skyrme-HF
approximation

O Nuclei form a statistical
ensemble of excited
clusters interacting via
Coulomb and excluded
volume

0 Thermodynamic
consistency between the
different components
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Lines: LS + EOS

The crust-core transition Yoo tevex
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Matter composition: Lines: LS EOS

Symbols: this work

cluster contribution y.=0.2

i ...oo-"" * No artificial discontinuities
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X -3 » Decreasing cluster size
4 with increasing
g temperature
« Clusters still important
at T=10 MeV
T=5
BUT
« Coulomb screening and
excluded volume are the only
T=10 in-medium effects of the model
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Clusters in the medium

[0 In medium effects depend on the definition of what is a

cluster
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=>excluded volume applies =>excluded volume does not apply
=>bulk energy is ~unaffected =>binding energy shift

=>surface energy is not though. =>cutoff on the excited states



Hints from microscopic
calculations

T EJA, — EJA, = T=0 HF in the
Wigner-Seitz cell: Sly4
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Modelling the
density profile
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An analytical in-medium cluster
energy

pa(r) = py(r) + pgas(r)

EM(A,6,pgas) = j AP*repp(p™ (), pP (1) — enr(pGas Pgas) Vs = AlPeq)
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In-medium modification of the mass formula parameters:
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Quality of the LDA
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In-medium energies

35

30

25 |

20

15

10

sym

0.05 0.1
p [fm™]
gas

0.15

No modification of the bulk

energy

(accounted by the
excluded volume term)




In-medium energies
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Conclusions

Clusters d.o.f. essential to describe hot

and dense stellar matter

B Due to the Coulomb quenching of the LG phase
transition

— Wide distribution of exotic clusters in stellar
conditions

Energetics very different from the vacuum

LDA modelization of in-medium effects with Sly4:
O Decreasing surface energy with increasing p
O Increasing surface-symmetry energy

B Good reproduction of HF calculations in the WS cell
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