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Nuclear incompressiblity

Incompressibility: energy needed
to change the density of the nuclear
matter around equilibrium

E/A (MeV/nucleon)
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Neutron stars

A NEUTRON STAR: SURFACE and INTERIOR
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Gravitational Mass Mg [M,]
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SuperNovae bounce

A Density profile at bounce
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Method to determine K_

*The nucleus exhibits a compression mode (how lucky !):
the Giant Monopole Resonance
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1) Macroscopic method
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eLimitations : shell effects, data accuracy

*Necessity for a more accurate method



2) Microscopic method

EDF
N\
E

GMR EoS

*Nuclear structure models: from EDF to E,

eLimitations : all the terms (EoS) have to be correctly predicted at once



From EDF to EGMR

* HF, RMF, RPA, CHF : the only parameter is the EDF
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Uncertainties on K_

240 + 30 MeV
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Nuclear incompressibility vs. pairing
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e Cooper pairs favor compressibility

eIncompressibility of superfluid nuclear matter: K_(A)
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Pairing and shell effects on the GMR

ePairing => shell effects on the GMR value
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*Softness of Sn

*Necessity to measure isotopic chains, including unstable neutron-rich nuclei
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Saturation ?

r (fm)

*Surface: 2/3 of nucleons in 208Pp

eSaturation density area may not be the most probed




Pairing gap A (MeV)

The crossing density
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Superfluidity acting on incompressibility
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Compressing nuclei
from all over the nuclear chart



Nuclear excitations
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Theory

EDF E[p]
HK theorem .
Skyrme Action
Gogny
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Measurement of E; g

*Necessity for isotopic chains
*Measurement close to 0 deg. CM

| separation using the angular
distributions
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Ph shield

Measurement of E;pp

With stable nuclei
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Strength (fm" / MeV)

Measurement of E; g

With stable nuclei
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With exotic nuclei
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Incompressibility and neutron excess

E(p,d) = E(p,0) + asym(P)52 : density and d=(N-2)/A
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Determining the isospin dependence
of the incompressibility
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*K_=-550 + 100 MeV

*However the method is macroscopic
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Conclusion

*Nuclear incompressibility has an impact on some astro quantities: neutron stars and SN bounce
*Nuclei have a compression mode : GMR !

*Macro: easy but not very reliable

*Micro: K_, =240 £ 30 MeV

Status: superfluidity effect, crossing density, Pb vs Sn softness

*Need to measure the GMR in isotopic chains including neutron-rich nuclei

*Isospin dep. of incompressibility : only macro: K.=-550 + 100 MeV
micro needs more data to constrain the EDF
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Picture of a GMR
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p(r) —+ dp(r) = p(r,0)

* GR are collective (many ph pairs
involved)
e Small amplitude vibration: dp << p
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