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Nuclear Equation of State (EoS)
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Energy per nucleon (e) as a function
of the total density p=pn+pp and the
relative difference 6=(pn-pr)/p for

unpolarized uniform matter at T=0
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Nuclear Equation of State (EoS)

Unpolarized, uniform nuclear matter at T=0 assuming isospin symmetry

expand e(p,0) and S(p)
around nuclear saturation

e(p 5) = e(p 0) + Sg(p)(52 It Is customary to also
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EoS from current nuclear models

Micorscopic and phenomenological models constrainted by different
data display similar discrepances on the EoS
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Light orange bands from XEFT
Progress in Particle and Nuclear Physics 120 (2021) 103879 from Drischler C., et al. Phys.
Rev. Lett., 125 202702 (2020).



How one can connect finite nuclear

properties with EoS properties:

Example: Neutron skin thickness (Arnp=rn-rp) is a good proxy to L

B. Alex Brown Phys. Rev. Lett. 85, 5296 (2000)

Arnp in @ heavy neutron rich nucleus is related to the neutron pressure
(6=1) around po (L).
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Which information can be obtained on the
EoS from nuclear collective excitations?

(personal overview)




Giant Monopole Resonance

do we understand it?

arxiv:2211.01264 [pdf, ps, other]

The compression-mode giant resonances and
nuclear incompressibility

Umesh Garg *, Gianluca Cold "¢ 2 =

Progress in Particle and Nuclear Physics
Volume 101, July 2018, Pages 55-95

Towards a Unified Description of Isoscalar Giant Monopole Resonances in a Self-Consistent Quasiparticle-Vibration

SV-K226

Coupling Approach
Authors: Z. Z. LI, Y. F. Niu, G. Cold
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These calculations points towards a plausible estimate
on K = 220-260 MeV. Is that the final word? Further

S(ISGMR) (10% fm*/MeV/) S(ISGMR) (107 fm*/MeV)

S(ISGMR) (10? im*/MeV)

experiments are planned.

Relativistic approach to the nuclear breathing mode
Elena Litvinova
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Very recently
two works
explain ISGMR
In different
nuclei within the
PVC approach
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Dipole polarizability, ] and L EiaiarsZits

Dipole polarizability (a /) probes the neutron skin thickness
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Determination of the ] vs L relation from experimental
data according to Energy Density Functionals (EDFs)

X. Roca-Maza, M. Brenna, G. Cold, M. Centelles, X. Vifias, B. K. Agrawal, M. Paar, D. Vretenar, and J. Piekarewicz
Phys. Rev. C 88, 024316 — Published 20 August 2013

*. Roca-Maza, X. Vinas, M. Centelles, B. K. Agrawal, G. Colo, M. Paar, J. Piekarewicz, and D. Vretenar
Phys. Rev. C 92, 064304 — Published 8 December 2015



Dipole polarizability:

do we understand it?
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ap (4°Ca) (fm?)

Electric dipole polarizability of °Ca

R.W. Fearick, P. von Neumann-Cosel, 5. Bacca, J. Birkhan, F. Bonaiti, . Brandherm, G. Hagen, H. Matsubara, W. Nazarewicz,
N. Pietralla, V. Yu. Ponomarey, P. -G. Reinhard, X. Roca-Maza, A. Richter, A. Schwenk, J. Simonis, and A, Tamii

Phys. Rev. Research 5, L022044 — Published 31 May 2023



A:\ (sensitive to Ar.s) VS O (sensitive to ] and Arnp)

in 48Ca and 2°2Pb
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Isobaric Analog State, ISB and Arnp
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The larger the Arnp, the larger the ISB contributions to IAS in 2°8Pb

X. Roca-Maza, G. Colo, and H. Sagawa
Phys. Rev. Lett. 120, 202501 — Published 18 May 2018



Spin Dipole Resonance and Arnp

Difficult to measure

Rgp

E (MeV)

- °Zr exp and theo sum rules in agreement. f
From exp. sum rule: Ar,, = 0.07 £0.04 fm

A . L A .

and analyze? Z;‘:l ZM T4 (7 )?",,; 1Y (7)) @ 0(i)]
150 1 . D OO W B
Total |*™Pb| f| /x| — SAMI-T :
100F [ == SAMI-T (no T3
- l:-' II:-_ e SAMI ]
50 :_ \ l“l}--{ Exp. _:
_ .* ]
> E
Q — .
= T E
= _ = > E
£ | sp+ — SAMI-T ] ) -
= 5ok i -= SAMi-T (no )| = E
= ‘A - A o "
- i : - Xp. .
< 10} g\ ] E :
ﬂ-'f '-I’.d!.:‘tli.f-.-.?'.-i—; -"F'I IlT'tJT ) e ] _i
0 10 20 30 40 50 60 3

40
— 208Pph exp sum rule < theo sum rule (~20%).
From exp. sum rule: Ar,, = 0.07 & 0.03 fm

U B ldl N A L P
\ 0 10 20 30 40 50
E Shihang Shen (E8E44T), Gianluca Cold, and Xavier Roca-Maza 7 E (MeV)

Phys. Rev. C 99, 034322 — Published 20 March 2019

P T T T

)]
]



Conclusions

Different ways to investigate properties of the
symmetry energy and/or the Arnp provide different
answers:

- current nuclear models likely miss relevant
physics

- interest in repeating and/or improving the
analysis of some key experiments (or propose new
ones)



Summary

with qualitative indication of accuracy needed to describe experiment
(note that absolute values might be subject to systematics)

Po € [0.154,0.159] fm—32 - variation range 2%
- needed to describe experiment (Rch) =0.1%

- e €[15.6,16.2] MeV- variation range 4%

- needed to describe experiment (B) =0.0001%
Ko € [220,260] MeV- variation range 15%

- needed to describe experiment (Ex®MR) =7%
-|) € [30,35] MeV - variation range 15%
- needed to describe experiment (a) =15%
-|L € [20,120] MeV - variation range 150%
- needed to describe experiment (a) =50%

Nuclear equation of state from ground and
) EEnm collective excited state properties of nuclei

X.Roca-Maza® 0 &=, M. Paar®
Progress in Particle and Nuclear Physics
Volume 101, July 2018, Pages 96-176
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