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    Origins of Pigmy Resonance 
 

 

•  June 1987 
Nomura, Kubono, et al. 
Experiment proposal (J-PARC)          Idea of Pigmy Resonance in N-rich nuclei 
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E & M response in neutron-rich nuclei 
First studies 
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E & M response in neutron-rich nuclei 
First studies 
 

Continuum RPA: CB, Sustich, PRC 46 , 2340 (1993) 
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Nucleosynthesis: (γ,n) or (n,γ) cross sections in the r-process 
Importance of the “pygmy” states 

Red: empirical 

Blue: no pygmy 

Green: with pygmy 

S. Goriely, PLB 2000  

Pigmy resonance & Nucleosynthesis 
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EOS & Neutron stars 
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EOS + symmetry energy  

Skyrme ρ0 E0 K∞ J L Ksym m*/m 

SLy5 0.161 -15.99 229.92 32.01 48.15 -112.76 0.70 
SkM* 0.160 -15.77 216.61 30.03 45.78 -155.94 0.79 
Skxs20 0.162 -15.81 201.95 35.50 67.06 -122.31 0.96 
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Contributors: Jocellyn Bell-Burnell, C. J. Horowitz, J  Hughto, A. Schneider,  D. K. Berry, G. Watanabe, T. 
Maruyama, A. Gezerlis, J. Carlson, J. Margueron, N. Sandulescu, R. Negreiros, S. Schramm, F. Weber, X. 
Roca-Maza, T. Garcia-Galvez,  M. Centelles, G. Shen, C.O. Dorso, P.A. Gimenez-Molinelli, J.A. Lopez, M. 
Baldo, E.E. Saperstein, D.P. Menezes, S.S. Avancini, C. Providencia, M.D. Alloy, S. Goriely, J. M. Pearson, N. 
Chamel, W.G. Newton, M. Gearheart, J. Hooker, Bao-An Li, A.L.Watts, D. Page, S. Reddy, P. Avogadro, F. 
Barranco, R.A. Broglia,  E. Vigezzi 
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From 100 to 1057 nucleons, Skyrme & pairing 

CB, Hongfeng Lu, Sagawa, PRC 80, 027303 (2009) 
W. J. Chen, CB, F. R. Xu and Y. N. Zhang, PRC 91, 047303 (2015). 
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Skyrme + Isovector pairing – Reasonable Nuclear 
Radii 

CB, Hongliang Liu, Sagawa,  
PRC 85, 014321 (2012) 
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Neutron Skins 
CB, Hongliang Liu, Sagawa,  
PRC 85, 014321 (2012) 

 Radii from spin-dipole resonances 
Krasznahorkay et al., PRL 82, 3216 (1999) 
& 
Antiprotonic atoms 
Trzcinskaet al., PRL 87, 082501 (2001) 
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-   Analysis of Giant Isoscalar Resonances 

-  High energy heavy ion collisions 

 
Giant Resonance: Coherent vibration of  

       nucleons in a nucleus 
 
-  Resonances related to incompressibility: 

ISGMR, ISGDR, ISGQR 

EOS + symmetry energy   
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-  KCoul is basically model independent 
-  Measurements over several isotopes should give Kτ
-  Ksym critical to understand neutron stars 
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QRPA: The Role of the Rearrangement Term 

•  	Fully self consistent EWSR = 99.2% 

•   Without rearrangement in EWSR =116% 
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Calculations without 
rearrangements tend to 
return higher centroids 
respect to the fully self-
consistent case. 

Avogadro, CB, PRC 88, 044319 (2013) 

≠ 0 if Epair depends on density 
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Pairing – ISGMR – Comparison to data 

Avogadro, CB,  
PRC 88, 044319 (2013) 
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 ISGMR is better reproduced with the soft interaction Skxs20 (K∞ ≈ 202  
  MeV), in contrast with the generally  accepted value for K∞  ≈ 230 MeV. 



Coulomb excitation of PRs 

Wieland et al.  
PRL 102, 092502 (2009)                  

Rossi et al.  
PRL 111 (2013) 242503  

b>RP+RT 

Pb 

Experimental analysis 
based on 1st order 
perturbation theory 
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E & M response in heavy neutron-rich nuclei 
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Colo, Cao, Giai, Capelli,  
Comput. Phys. Comm. 184, 142 (2013) 

Piekarewicz,PRC 83, 034319 (2011) 

Dipole polarizability 
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Symmetry energy, neutron skin, and neutron stars 
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Reaction theory: 
Higher-order effects and relativistic corrections 

Relativistic CDCC 
CB, PRL 94, 072701 (2005) 
 
Ogata, CB, PTP 121 (2009), 1399 
                  PTP 123 (2010) 701 

0 0.5 1 1.5 2
E   [MeV]

0

40

80

120

160

dσ
/d

E
   

[m
b/

M
eV

]
LO 

all orders 

all orders 
relativistic 

Pb (8B,p7Be) at 83 MeV/nucleon 
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Eikonal scattering waves                    
Higher order effects 
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Relativistic effects 
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Theory movie in next 5 transparencies (enjoy!)©  
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Truncation and Discretization 
26 



φ (k) 

φ 0 (k0) 
φ 0 (k0) 

φ i }^ 

ψ(
!
r,
!
R) ≅ ϕ0 (k0,

!
r)χ0 (K0,

!
R)+ ϕ(k,

!
r)χ(K,

!
R)dk

ki−1

ki∫
i=1

imax

∑

Truncation and Discretization 
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Truncation and Discretization 
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               8B  
lmax= 3 
Ns=20, Np-d=10 , 
Nf=5  
εmax=10 MeV  
rmax= 200 fm 
Rmax= 500 fm 
Nch = 138 

Reaction 
       208Pb(8B, 7Be+p) at 250 A MeV and 100 A MeV 
       208Pb(11Be, 10Be+n) at 250 A MeV and 100 A MeV 
 
Projectile wave function and distorting potential 
        Standard Woods-Saxon 
 
Modelspace 

R, K (L) 

8B or 11Be 
208Pb 

              11Be  
lmax= 3 
Ns,p=20, Nd=10 , 
Nf=5  
εmax=10 MeV  
rmax= 200 fm 
Rmax= 450 fm 
Nch = 166 
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Example 



Ex = 1.5 MeV 

θ = 0.06o 

Pb(8B,p7Be) at 250 MeV/nucleon 
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all orders 

|σall – σNR| 

|σall- σno-nuclear| 

Pb(8B,p7Be) at 250 MeV/nucleon 
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Nuclear response for PDR, GDR and GQR 

34 

Rossi et al., 
PRL 11, 242503 (2013) 

68Ni 



Dynamical coupling of PDR, GDR and GQR 

. First order 

all orders relativistic 

Brady, Aumann, CB, Thomas 
Phys. Lett. B 757, 553 (2016) 
 
 
•  Nuclear response fitted 
with Lorentzians 

•  Nuclear response discretized 

•  Coupled Channels calculations 

•  Cross sections 
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Dynamical coupling of PDR, GDR and GQR 

Brady, Aumann, CB, Thomas 
Phys. Lett. B 757, 553 (2016) 
 
 
 
•  Nuclear response fitted 
with Lorentzians 

•  Nuclear response discretized 

•  Coupled Channels calculations 

•  Cross sections 
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. First order 

all orders relativistic 



Dynamical coupling of PDR, GDR and GQR 

Rossi at al.,  
PRL 111, 242503 (2013) 
"  αD = 3.40 fm3   
 
Our new analysis 
"  αD = 3.16  fm3 

  

Neutron skin 
"  Δrn = 0.17 fm   
 
Our new analysis 
"  Δrn = 0.16  fm 

  
BUT, experimental error  
= 7% for αD  and  
= 0.2 for Δrn     

37 



Summary:  
•  PDR 

•  skins and halos (neutron stars, sun, supernovae) 

•  structure in the continuum (effective interactions) 

•  all depends on experimental precision – needs to improve 

•  Because of low energies and high excitation probabilities 

"  Higher order effects crucial for future experimental 
analyses of PDR strength  
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