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From giants to pygmies 
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Pygmy Dipole Resonances in atomic nuclei 

• Tools to investigate the PDR 
 
• Selected results: 
   - PDR and neutron excess 
   - Splitting of the PDR 
 
• Open questions 
 

• Theoretical interpretation: 
   Next talk (Nadia Tsoneva) 



Tools: Photon scattering (γ,γ‘) 

(γ,γ‘) 

• Eγ = 0-10 MeV  (below Sn) 
 

• very selective excitation 
 

• energy resolution ∆E=5-10 keV 
 

• complex sensitivity limit 
 

• only stable nuclei can be studied 
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D. Savran et al., PRC  84 (2011) 024326 

S-DALINAC@TUD 
ELBE@HZDR 
HIGS@DUKE 



Tools: Coulomb excitation/dissociation 

• Ecm = few 100 MeV/A 
 

• selective excitation 
 

• energy resolution ∆E=30-500 keV 
 

• radioactive nuclei can be studied 
   in inverse kinematics 

LAND@FRS@GSI 
RISING@FRS@GSI 
GRAND RAIDEN@RCNP 

P. Adrich et al., PRL 95 (2005) 132501 



Tools: Hadronic interaction 

(α,α‘γ) 

BBS@KVI 
BigRIPS@RIKEN 

• Ecm = 30-200 MeV/A 
 

• structural information (e.g. isospin) 
 

• γ-decay channel can be selected 
 

• radioactive nuclei can be studied 
   in inverse kinematics 

α beam Janis Endres et al., PRL 105 (2010) 112503 



• Tools to investigate the PDR 
 
• Selected results: 
   - PDR and neutron excess 
   - Splitting of the PDR 
 
• Open questions 
 

Pygmy Dipole Resonances in atomic nuclei 



PDR and neutron excess 

132Sn 

140Ce 

208Pb 

68Ni 
94Mo 

48Ca 

N/Z 
94Mo 1.24 
48Ca 1.40 

140Ce 1.41 
68Ni 1.43 

208Pb 1.54 
132Sn 1.64 

chart of nuclides from: P.D. Cottle, nature 465 (2010) 430  



PDR in stable nuclei:  (γ,γ‘)  
89Y 

N. Benouaret et al., PRC 79 (2009) 014303 
D. Savran et al., PRC  84 (2011) 024326 
S. Volz et al., NPA 779 (2006) 1 
A. Zilges et al., PLB 542 (2002) 43  

ELBE S-DALINAC 



PDR in stable nuclei:  (γ,γ‘)  and (p,p‘) 

A. Tamii et al., PRL 107 (2011) 062502 

GRAND RAIDEN @ RCNP 



PDR in radioactive nuclei 

P. Adrich et al., PRL 95 (2005) 132501 

130,132Sn @ 500 MeV/A on Pb 
LAND plus ALADIN plus Crystal Ball 



PDR 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 



Summed PDR strength and neutron excess 

V. Derya et al., to be published 



Electric dipole strength         neutron skin 
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A. Carbone et al., PRC 81 (2010) 041301(R) 

L= slope parameter 
of symmetry energy 

Neutron skin            symmetry energy 



Pygmy Dipole Resonances in atomic nuclei 

• Tools to investigate the PDR 
 
• Selected results: 
   - PDR and neutron excess 
   - Splitting of the PDR 
 
• Open questions 
 



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

(γ,γ′) (α,α′ ) @ 30 MeV/A 
Interaction Electromagnetic Strong 
Location of 
interaction Whole nucleus Surface 

Isospin Isovector E1 
excitation Isoscalar 

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

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

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



Janis Endres et al., PRL 105 (2010) 112503 

Structure of the PDR: (α,α‘γ) experiments 

124Sn 



Splitting of the PDR 

D. Savran et al., PRL 97 (2006) 172502 



Splitting of the PDR 

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 

V. Derya et al., to be published 



Splitting of the PDR: Interpretation from RQTBA 

Janis Endres et al., PRL 105 (2010) 112503 
Janis Endres et al., submitted 

Isovector 
mode 

Surface neutron 
oscillation mode, 

the „real“ PDR 



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 2012) 
 

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

Structure of the E1 strength: 
 

140Ce(p,p‘γ) @ BBS @ KVI (April 2012) 
 

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