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1.  Incompressibility and ISGMR	
2.  IAS and CSB and CIB interactions	
3.  Proton scattering and nuclear density polarization	
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Nuclear	Matter		EOS	

Incompressibility	K	

Isoscalar	Giant	Monopole	Resonances	

Isoscalar	Compressional	Dipole	Resonances	
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Self	consistent	HF+RPA	calculations	

Self	consistent	RMF+RPA		calculations	
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Supernova	Explosion	



We can give credit to the idea that the link should be provided 
microscopically through the Energy Functional E[ρ].  

IT PROVIDES AT THE SAME TIME 
K∞ in nuclear matter (analytic) 

 

EISGMR (by means of self-
consistent RPA calculations) 
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The	nuclear	incompressibility	from	ISGMR	





Extracting	Kτ	from	data	

Using this formula globally is dangerous and should not be done (cf. M. 
Pearson, S. Shlomo and D. Youngblood) but one can use it locally.  
 
KCoul can be calculated and ETF calculations point to Ksurf ≈ –K∞. 

Kτ	=	-500	±	50	MeV	



Correlation between Isospin GMR and  nuclear matter properties 

1. Nuclear	incompressibility	K	is	determined	empirically	with	the	ISGMR	in	208Pb		
to	be		

	　　K~230MeV(Skyrme,Gogny),			K~250MeV(RMF).	

2.		Combining	ISGMR	data	of	Sn	and	Cd	isotopes(RCNP)		

3.																																																	is	extracted	from	isotope	dependence	of	ISGMR.	

		

K (500 50)MeVτ = − ±

K=(240	+/-10	+/-	10)MeV	

K=(225	+/-10)MeV	

Kτ =
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Larger	J	



How	can	we	reconcile	this	contradiction	between	IAS	energy	and	neutron	skin?	

Xavi	Roca-Maza,	Gianluca	Colo	and	HS	



Isospin	proposed	by	J.	Heisenberg	

Isospin	conservation	
														

[H ,T ]= 0
[H ,T ]= [VC +VCSB +V CIB ,T ]≠ 0

Scattering	Length	

Proton=(uud)																			muc2~2.3MeV	
Neutron=(udd)																mdc2~4.8MeV	
													QCD	dynamics	of	strong	interaction	
													Explicit	Chiral	symmetry	breaking	
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SAMI	is	refitted	with	the	protocol	



 



To	be	published	





Neutron 
density	







L=42+/-15	

48Ca	



Ksym=-120+/-40	

48Ca	



28.2+/-1.2	

31.5+/-2.7	
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Constraints on J and L	

17 

Tsang  PRC2012	

QMC: Quantum Monte-Carlo Calc. 
   Gandolfi, EPJA50, 10(2014).	

HIC: Heavy Ion Collision Analysis 
  Tsang PRL2009	

IAS: Isobaric Analog State Energy 
 Danielewicz&Lee NPA2009	

PDR: Pygmy Dipole Resonance in 
132Sn, 68Ni, Carbone PRC2010	

FRDM: Finite Range Droplet Model 
  Moeller PRL2012	

n-star: Quiescent Low-Mass X-ray 
Binaries,  Stainer PRL2012	

χEFT: Chiral Effective Field Theory, 
Tews PRL2013	

48Ca	

J(FRDM)=32.5/-0.5	



SUMMARY	

1.  Neutron	skin	of	48Ca	is	determined	by	the	polarized	
proton	elastic	scattering	to	be		

	
											delta	rnp=0.169	+/-	0.025	fm	
	
2.	This	value	constrains	the	symmetry	energy	coefficients	
	
									L=42	+/-	15	
									Ksym=	-120	+/-40	


