
 
 

 
 

Nuclear Incompressibility, the Asymmetry Term, 
and the MEM Effect 

 
 
 
 
 
 
 
 
 

U. Garg 
University of Notre Dame/RIKEN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supported in part by the National Science Foundation 
 

RIKEN Seminar, April 4, 2012 



Three quantities characterize infinite  
nuclear matter: 

E/A ρ0 K∞ 

Nuclear Equation of State 
Neutron Star 

Stellar Collapse 

Supernovae 

High-energy Heavy Ion Collisions 
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Diffraction Model of Inelastic α-particle scattering 

Due to the highly 
absorptive nature 
of the α-nucleus 
interaction, it can 
be treated as 
scattering from a 
black disc 

Cross section given by square of Bessel function 
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q is the momentum transfer 

Rd is the diffraction radius 
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Cd at 15.5 MeV112

(α,α’) at 400 MeV 





 240 MeV (α,α’)  [Texas A & M ] 





112Sn 





From KA to K∞ 
  
  
Old Method: 
  
KA ~ K∞ + Ksurf A-1/3 + Kτ [(N – Z)/A]2 + KCoul Z2 A-4/3 
 
Has many problems! 
  
New Method: 
 
Build Energy Functionals E(ρ) 
               Each such parameter set is characterized 

  by a K∞ 
Obtain GMR strength distributions in a self-
consistent RPA calculation 

 The K∞ value associated with the functional 
 that best characterizes the observed GMR 
 distributions is the “correct” K∞. 



This number is consistent with both GMR and ISGDR  
data and with non-relativistic and relativistic calculations  

From GMR data on 208Pb and 90Zr 
K∞ = 240 ± 20 MeV 



SN1987A Transverse flow 









112-124Sn 
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Kτ = -500 ± 100 MeV 

106—116Cd 



The difference of incompressibility K = KA ! KA=112 as a function of ! = 

(N!Z)/A . Experimental data are determined by using the excitation 
energies of ISGMR. 

H. Sagawa, et al. 

PRC 76, 034327(2007)  

Kτ = -500 ± 50 MeV  



Kτ = -500 +125 MeV 
-100 

M. Centelles et al., Phys. Rev. Lett. 102, 122502 (2009) 
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Kτ = -370 ± 120 MeV 



Bao-An Li and A.W. Steiner, Phys. Lett. B642, 436 (2006) 



Data from H. Sagawa et al., Phys. Rev. C 76, 034327 (2007) 

Kτ = Kτ,v + Kτ,s A-1/3 
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Why are tins so “Fluffy”? 
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V. Tselyaev et al.,  
Phys. Rev. C 79, 034309 (2009) 

Self-consistent HF+BCS with  
T5 Skyrme Interaction;  
K∞ = 202 MeV 



K∞ ~ 230 MeV; Kτ = -532 MeV 

J. Piekarewicz and M. Centelles, Phys. Rev. C 79, 054311 (2009) 



Jun Li et al., Phys. Rev. C 78, 064304 (2008) 

SkM* (K∞ ~ 215 MeV) 



E. Khan, Phys. Rev. C 80, 011307 & 053702 (2009) 





D. Lunney  et al., Rev. Mod. Phys. 75, 1021 (2003) 





E. Khan, Phys. Rev. C 80, 053702 (2009) 
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   From compressional-mode giant resonances, 
     we have an “experimental” value for K∞= 240 ± 20 MeV. 
 
   From GMR in the Sn and Cd isotopes, we get 
     an “experimental” value for Kτ = -500 ± 100 MeV. 
 
   The combination of these two values provides a  
      constraint on the standard interactions used in EOS 
      and nuclear structure calculations. 
 
   Pairing effects (“superfluidity”) are critical in our 
     understanding of GMR’s in “off-shell” nuclei. 
 
   Mutually-Enhanced-Magicity (MEM) was suggested as 
      one explanation. Doesn’t appear to hold. 
 
   “Why are Tin nuclei so “fluffy”? OR 

What is “missing in theory ??? 
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