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From giants to pygmies 

about 100% 
of EWSR 

Energy [MeV] 

St
re

ng
th

 (a
.u

.) 

5 10 15 

GDR PDR 

1-5% 
of EWSR 



Pygmy Dipole Resonances in atomic nuclei 

• Experimental approaches: 
   Photons and α particles 
 
• Splitting of the PDR 
 
• Open questions 
 



Status from photon scattering experiments  
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Status from photon scattering experiments  
S-DALINAC 

• E1 strength exhausting about 
   1% of the isovector E1 EWSR 
 

• strongly fragmented 
 

• no obvious N/Z dependence 
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Pygmy Dipole Resonance in radioactive nuclei 

O. Wieland et al., PRL 102 (2009) 092502 

68Ni @ 600 MeV/A on Au 
RISING HPGe array, HECTOR BaF2 array 

Sn=7.8 MeV 
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PDR studies with photons 

• The main information coming from 
   experiments with real and virtual photons 
   are the E1 strength distributions 
 
• Complementary structural information 
   may come from experiments using the 
   hadronic interaction 



Structure of the PDR: (γ,γ‘) vs. (α,α‘)  

(γ,γ′) (α,α′ ) @ 30 
MeV/A 

(p,p‘)@
MeV/A 

Interaction Electromagnetic Strong Strong 
Location of 
interaction Whole nucleus Surface Surfac

Isospin Isovector E1 
excitations Isoscalar Isoscala

Isovect
Multipolarity E1, M1, E2 E0, E1, E2, E3, … E0, E1, E2  

∆E 5-500 keV 50-200 keV 50-200 k

A coincident detection of the γ decay enhances the 
selectivity and energy resolution of α scattering  
 (α,α‘γ)  

T.D. Poelhekken et al., PLB 278 (1992) 423 



Eight high resolution, high efficiency HPGe γ detectors 
 

 0.5% absolute photo-peak efficiency @ 1.3 MeV,, 
 energy resolution about 6 keV @ 6 MeV 

D. Savran et al., Nucl. Inst. and Meth. Phys. Res. A  564 (2006) 267 

       α beam 
Eα=136 MeV 

Setup at KVI Groningen 
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Structure of the PDR: (α,α‘γ) experiments 

124Sn 

Janis Endres et al., PRL 105 (2010) 112503 
Janis Endres et al., PRC (2012), in press 



Splitting of the PDR 

D. Savran et al., PRL 97 (2006) 172502 
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J. Endres, E.Litvinova et al., PRL 105 (2010) 212503 

J. Endres et al., PRC 80 (2009) 034302 D. Savran et al., PRL 97 (2006) 172502 
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Splitting of the PDR 

Pure experimental finding: 
 
• E1 strength below about 6-7 MeV excited by 
  photons and α particles  
 

• Higher lying E1 strength excited by photons only 



Splitting of the PDR in 124Sn - Theory 

Janis Endres, E. Litvinova et al., PRL 105 (2010) 112503 
Janis Endres et al., PRC (2012), in press 
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Splitting of the PDR: Interpretation from RQTBA 

Janis Endres et al., PRL 105 (2010) 112503 
Janis Endres et al., PRC (2012), in press 

Isovector 
mode 

Surface neutron 
oscillation mode, 

the „real“ PDR 



Structure of the PDR: (γ,γ‘) vs. (α,α‘) vs (p,p‘) 

(γ,γ′) (α,α′ ) @ 30 
MeV/A 

(p,p‘) @ 80 
MeV/A 

Interaction Electromagnetic Strong Strong 
Location of 
interaction Whole nucleus Surface Surface 

Isospin Isovector E1 
excitations Isoscalar Isoscalar/ 

Isovector 
Multipolarity E1, M1, E2 E0, E1, E2, E3, … E0, E1, E2, ... 

∆E 3-10 keV 50-200 keV 50-200 keV 



Vera Derya, priv. comm. 

140Ce 

Sum of three HPGe detectors, backward angles 
Condition: Eγ = Ex 

First (p,p‘γ) experiment @ KVI in April 2012 
target: 140Ce 
target thickness: 20 mg/cm^2 
central BBS angle: 6° 
# of HPGe detectors: 8 
beam energy: 80 MeV 
coincidence rate: 0.08 kHz 



First results: (p,p‘γ) experiments@KVI 

140Ce(p,p‘γ) 

140Ce(γ,γ‘) 

Vera Derya, priv. comm. 



First results: (p,p‘γ) experiments@KVI 

140Ce(p,p‘γ) 

140Ce(α,α‘) 

Vera Derya, priv. comm. 



Some open questions and future plans 

• What is the connection between the E1 strength 
   below and above neutron threshold and in stable 
   and radioactive nuclei? 
 
• What do we know about E1 strength in light  nuclei? 
 

• Does only the energetically low lying strength 
   correspond to the „real“ Pygmy Dipole Resonance? 



Some open questions and future plans 
Strength below and above threshold: 
 

48Ca, 120Sn, 144Sm @  Grand RAIDEN @ RCNP (data evaluation) 
 

124-134Sn, 136Xe @ LAND/R3B setup @ GSI (May/June 2012) 
 

70Zn, 96Mo, 130Te @  Grand RAIDEN @ RCNP (2012) 
 

Structure of the E1 strength: 
 

124,128Sn(d,d‘) @ LAND/R3B setup @ GSI (May/June 2012) 
 

124,128,132Sn(α,α‘) @ BigRIPS @ RIKEN (2012) 
 

124Sn, 140Ce(γ,γ‘) @ γ3HIGS @ Duke (2012) 
 

116-124Sn @ NEPTUN @ TU Darmstadt (2013) 
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