Electric Dipole Strength below the Particle
Threshold — Status and Perspectives

* Introduction — from octupoles to giants

* Electromagnetic and strong interaction studies

* Open questions and new developments

Andreas Zilges - University of Cologne
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Dipole response of atomic nuclei
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Pygmy Dipole Resonance (PDR)
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Concentration of electric dipole strength below the neutron
separation energy in N = 82 nucle1
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Relevance of low-lying E1 strength

e Universal , collective” excitation modes

e Connection to neutron skin, neutron star radius
* Slope of symmetry energy in EoS

* Impact on nucleosynthesis
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Study of the E1 strength distribution
via electromagnetic interaction

Strength (a.u.)

The photons can be real or virtual!



Scattering of real photons (y,y‘) - NRF

e very selective excitation (AJ=1 or 2) ’\/\/\/‘»q,Lh
e good energy resolution (AE=5-10 keV)
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Scattering of virtual photons via (p,p‘)

*E =0-25MeV
e energy resolution AE=25 keV

* less selective, complex disentanglement

e only quasi-stable nuclei can be studied
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Coulomb interaction in inverse kinematics

e E_, = few 100 MeV/A

* radioactive nuclei can be studied

e energy resolution AE=500 keV

e complex data evaluation
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Summed B(E1) strength of Pygmy Dipole Resonance
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Parametrization of , exoticity”
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Summed B(E1) strength vs.

Coulomb corrected Fermi energy
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Testing the structure: (y,y‘) vs. (a,a’)

, (o,0') @ 30

Interaction electromagnetic strong
Location of
. . whole nucleus surface
interaction
: isovector E1 dominant
Isospin L. i
excitations isoscalar
Multipolarity E1l, M1, E2 EO, E1, E2, E3, ...
AE 3-500 keV 50-200 keV

A coincident detection of the y decay enhances the selectivity
(and possibly the energy resolution) — (a,ay)

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



Splitting of strength: Experimental results
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Transition densities for 1- states in 298Pb
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Splitting of the PDR: Interpretation from RQTBA
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Summed E1 strength derived from EM excitation
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IV E1 EWSR [%]
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Summed E1 strength derived from (o, a)

| ! ' ' ' [ ! ! ! ! |
®  seenin (v,7)
A seenin (v,7’) and (a,a’y)
208
124g Péb
preliminary 140, B,
. ¥
M\ Io . .
B
s 4 _
] 1 " " L | 1 1 1 1 ] " L L 1
5 10 15 20

ACCF: (S2p'82n) /2+EC [MGV]



IV E1 EWSR [%]

-

Summed E1 strength derived from (o,

‘)

[
A

seen in (7,7’)

seen in (,7’) and (a,a’7)

208
124 Pb
Sn * )
preliminary 140, T
. ¥
94M0 2
|
5 10 15 20
ACCF (S2p SQn)/2+EC [MGV]



From presence to future: Open questions

e Systematics (light vs. heavy nuclei,
exoticity, deformation)



E1l strength in light nuclei: °Ca and 48Ca
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E1l strength in ®8Ni measured @ R3B-LAND
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From presence to future: Open questions

e Systematics (light vs. heavy nuclei,
deformation, exoticity)

* Decay pattern



Decay pattern: y3 setup at HIGS

Combination of:
LaBr detectors (high efficiency) and
HPGe detectors (excellent energy resolution)

B. Loéher, V. Derya et al., NIM A 723 (2013) 136
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A new photon facility in Europe:

ELI-NP @ Bucharest

A photon beam from laser Compton backscattering with:

e very high intensity (10* photons/(s-eV))

e narrow bandwidth (down to 0.5%) el

* high degree of polarization (> 99%)  werreome o

Experiments

at ELI-NP

e small beam diameter (mm range) S
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From presence to future: Open questions

e Systematics (light vs. heavy nuclei,
deformation, exoticity)

* Decay pattern

* Isospin structure: Comparison of
electromagnetic and hadronic excitation



Isospin structure of the PDR in stable nuclei:

The CAGRA campaign @RCNP

(o, ay) @ E,= 140 MeV and (p,p’y) @ E = 80 MeV
combining Grand Raiden spectrometer and
16 Compton suppressed HPGe Clover detectors
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Isospin structure of the PDR in stable nuclei:

The K600 collaboration @ iThemba LABS

(o,ay) @ E =120 MeV
combining K600 with eight
Ge(HP) from AFRODITE array

“Mg(o,oy) at E =160 MeV
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Collaboration: Cape Town — Cologne - Darmstadt — Milano — Osaka — Notre Dame



Isospin structure of the PDR in unstable nuclei:

The DALI-LaBr-RIBF campaign @RIKEN
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From presence to future: Open questions

e Systematics (light vs. heavy nuclei,
deformation, exoticity)

* Decay pattern

e [sospin structure: Comparison of
electromagnetic and hadronic excitation

e Single-particle structure



119Sn(d,py)*2°Sn measured at SONIC@HORUS, Cologne
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Selective to neutron particle-hole

Single-particle structure of the PDR

configurations, e.g., (p5/,)(s1/,)™
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Single-particle structure of the PDR:

SONIC@HORUS, Cologne
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Electric Dipole Strength below the Particle

Threshold — Status and Perspectives
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