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Relevance of E1 strength

• Connection to neutron skin, neutron star radius
• Slope of symmetry energy in Equation of State
• Impact on nucleosynthesis
• Isotope identification
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Giant Dipole Resonance (GDR)
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irradiation with photons with E ̴ 17 MeV from 7Li(p,)



1938:

...
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Giant Dipole Resonance (GDR)

Giant Dipole Resonance (GDR)
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Giant Dipole Resonance (GDR)
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1947:

Photo‐Fission in Uranium

irradiation with bremsstrahlung photons
from 100 MeV betatron

Giant Dipole Resonance (GDR)

about 100%
of EWSR

Energy [MeV]

S
tr
en
gt
h
(a
.u
.)

5 10 15

GDRPDR
Ex = 31 A

‐1/3 + 21 A‐1/6

mbMeV
A

NZ
dEE 



0

60)(

M.N. Harakeh and A. van der Woude, „Giant Resonances“,  Oxford University Press, Oxford, UK, 2001



Pygmy Dipole Resonance (PDR)
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Pygmy Dipole Resonance (PDR)
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1971:

Z protons, Z neutrons, N‐Z excess neutrons



Pygmy Dipole Resonance (PDR)

Phys. Rev. C 34 (1986) 1114

1986:

(,‘) using
tagged photons

Pygmy Dipole Resonance (PDR)
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1997:

(,‘) using bremsstrahlung



Pygmy Dipole Resonance (PDR)

Prog. Part. Nucl. Phys. 70 (2013) 210

2013:

about 1‐5% of EWSR
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Two phonon excitations:
quadrupole‐octupole (2+ 3‐)

1962:

Austr. J. Phys. 15 (1962) 135

Two phonon excitations (2+ 3‐)

2006:

J. Phys. G. 32 (2006) R217



Dipole photoresponse of atomic nuclei
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Polarized photons: A parity‐meter

Krishichayan et al., Phys. Rev. C 91, 044328 (2015)

52Cr

M1
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Summed B(E1) strength of “Pygmy“ excitations

D. Savran, T. Aumann, and A. Zilges,  PPNP 70 (2013) 210 

 (NZ)/A

Structure of the Pygmy Dipole Resonance

• Response to isoscalar/isovector probes

• Decay to excited states → Deniz Savran: We1‐2

• Single‐particle structure



Testing the isospin structure: (,‘) vs. (,‘) or (p,p‘)

(,) or Coulex (,) @ 30 MeV/A or
(p,p‘) @ 80 MeV/A 

Interaction electromagnetic strong

Location of
interaction

whole nucleus
(kR << 1) 

surface

Isospin isovector E1 excitations
dominant
isoscalar

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

A coincident detection of the  decay enhances the selectivity
(and possibly the energy resolution)      (,‘)  and (p,p‘)

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

J. Endres et al., PRL 105 (2010) 112503
J. Endres et al., PRC 85 (2012) 064331

Selectivity of (,‘) experiments

124Sn



Splitting of strength: Experimental results

Janis Endres, E.Litvinova et al., PRL 105 (2010) 212503

Janis Endres et al., PRC 80 (2009) 034302D. Savran et al., PRL 97 (2006) 172502

V. Derya et al., NPA  906 (2013) 94

Splitting of the PDR: Interpretation from RQTBA

Janis Endres et al., PRL 105 (2010) 112503
Janis Endres et al., PRC 85 (2012) 064331 

Isovector
mode (GDR)

Surface neutron
oscillation mode,
the ”real“ PDR



Splitting of the PDR: Theoretical interpretation

D. Bianco et al., PRC 86 (2012) 044327

Summed E1 strength derived from (,‘)

preliminary



Isospin structure of the PDR in stable nuclei:
The CAGRA campaign 2016 @ RCNP  

CAGRA GRAND RAIDEN

(,‘) @ E= 130 MeV and (p,p‘) @ Ep= 80 MeV
combining Grand Raiden spectrometer and
16 Compton suppressed HPGe Clover detectors

Collaboration:  Argonne – Cologne  – KVI – Darmstadt  – Milano – Osaka – NSCL

Conclusions

• The dipole response of atomic nuclei is complex
including various fine structures.

• Different “collective” features emerge:
Two‐phonon excitations, PDR, GDR,
mixed‐symmetry states, scissors mode.

• Parity determination is mandatory.

• Measurements of various observables enable to determine
structural differences and test theoretical models.



Potential of a polarized, tunable, high‐intensity
photon beam with very narrow band width

• Sensitive scanning of the photoresponse from the
lowest energies to the 15‐20 MeV region.

• Examination of smallest target samples including
radioactive isotopes.

• Selective population and observation of all decay channels
(‐decay branchings, neutrons, protons, fission).

Looking forward
to ELI‐NP!
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