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Dipole response in atomic nuclei
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Collectivity emerging from complexity



Nuclear Resonance Fluorescence
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Bremsstrahlung g-ray beams
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Photon beams production via bremsstrahlung:

 No polarization

 High flux

 Continuous-energy photons beams up to Ee-max

Ee-max

Darmstadt High Intensity

Photon Setup (DHIPS)

Seminal developments in the last decades by:

TU Darmstadt, University of Cologne,

HZDR, JLU Giessen, University of Stuttgart



Laser-Compton backscattering

 Monoenergetic g-ray beam

 Tunable energies in the MeV-range

 Fully polarized beam

e- (MeV)

laser (eV)

g (MeV) collimator target

qL = 8o

Multi-detector array ELIADE
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Existing facilities: High Intensity Gamma-ray Source (HIgS), Duke University, USA

New SUBARU, SPring-8, Japan



Typical g-ray beam-profile at HIgS
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Research groups Pietralla (TUD) / Savran (GSI) / Zilges (UoC)
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Typical g-ray beam-profile at ELI-NP
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New physics with ELI-NP!

Selection of energy

range with existing

facilities

Selection of excitations

with ELI-NP!



The multi-detector array ELIADE
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Detector properties:

 8 segmented HPGe Clover semiconductor 

detectors

 High energy resolution: 2 keV @ 1332 keV

 εtotal @ 1.3 MeV≅ 6%
 4 crystals (‘leaves’) per Clover 

 8 segments per crystal

 Anti-Compton shields

 4 LaBr3 scintillation detectors
 very fast

rear side shield (Pb)

back

catcher
CsI(Tl) side shield (Pb)

collimator (Pb)

Beam profile monitoring (Pietralla group) and

pair-spectrometer (Kröll group) by

TU Darmstadt.

Development of signal extraction and

detector tests by University of Cologne.



Discovery frontiers for NRF at ELI-NP
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Availability frontier
(access to rare isotopes)

Sensitivity frontier
(weak channels)

Precision frontier
(high statistics)



Physics cases – Do nuclear excitations violate parity?
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 small contributions of the weak interaction to the effective 

nucleon–nucleon interaction

 effective nuclear force violates parity

 Jπ = 1+/ 1– parity doublet of 20Ne at 11.26 MeV is suited to 

observe parity violation

J. Beller et. al., PLB 741 (2015) 128-133

Only possible with selective excitation by fully

polarized, high-intense g-ray beams at ELI-NP!

Pietralla group (TU Darmstadt)
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Physics cases– constraints on 0nbb decay matrix elements
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Nd 149

Eu 152 Eu 153

Sm 150 Sm 151 Sm 153Sm 152

Pm 148 Pm 149 Pm 150 Pm 152Pm 151

Nd 147 Nd 148 Nd 151Nd 150Nd 146

Pr 146 Pr 147 Pr 148 Pr 150Pr 149Pr 145

Sm 149

Eu 151

Nd 150

1.7•1019 a

2 b-

0nbb

λ0νββ = 𝐺0ν 𝑀
(0ν) 2

< 𝑚ν >

𝑚𝑒

2

 Precise calculation of

nuclear matrix element

𝑴(𝟎𝝂) for determination of

neutrino mass

 Jp = 1+ scissors mode

sensitive to proton-

neutron coupling in IBM-2  

Only possible with high-intense g-ray beams and

high sensitivity to weak decays at ELI-NP!

Pietralla group (TU Darmstadt)
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Physics cases – Acces to the EOS: Pygmy Dipole Resonance
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 Energy range of 5-9 MeV

 Oscillation of neutron-skin versus proton-neutron core

 Determination of neutron-skin thickness!

 Constrain symmetry energy parameter in the EOS!

 Impact on astrophysical scenarios like rapid neutron capture
process!

Only possible with selective excitation by fully polarized, 

highly-intense g-ray beams and high sensitivity to decays at ELI-NP!

Savran group (GSI), Aumann group (TU Darmstadt),

Pietralla group (TU Darmstadt), Zilges group (University of Cologne)
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Physics cases– origin of matter: p-process nucleosynthesis
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 g-process: highly energetic photons

disintegrate stable seed nuclei

 Stable nuclei on neutron deficient side

are called p-nuclei (35 isotopes)

 Very low abundances



Physics cases– origin of matter: p-process nucleosynthesis
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 Typically 1 mg target

 samples of p-nuclides

High flux necessary!

Only possible with high fluxes and highly

efficient g-ray spectrometer ELIADE

Zilges group (University of Cologne), Schwengner group (HZDR)
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Physics cases – Dipole response of unstable nuclei
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Example of 240Pu: Pu 240

6563 a

 10 mg target material

 1019 nuclei

 with T1/2 = 1012 s one expects 107 decays / s, but only

low-energy gammas (<100 keV) 

 Background can be almost completely reduced with

lead and copper shielding

 E1 excitation at 500 keV with G0 = 50 meV and M1 

excitation at 2000 keV with G0 = 25 meV (values from 238U)

 g-ray beam with 5000 gammas / (eV•mm2•s)

 50-200 reactions / s 

One relevant reaction/ s in the HPGe detectors



Physics cases – Dipole response of unstable nuclei
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Np 237

2.1∙106 a

Pu 240

6563 a

Am 243

7370 a

Cm 248

3.4∙105a

 Access to magnetic and electric dipole

excitations in unstable nuclei! 

 Photofission studies

Only possible with selective excitation by fully

polarized, high-intense g-ray beams and high 

sensitivity at ELI-NP!

Zilges group (University of Cologne), Schwengner group (HZDR), 

Enders group (TU Darmstadt)
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Involvement of German research groups
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More than 20 German research groups
Prof. Dr. Almudena Arcones (TU Darmstadt) Prof. Dr. Thomas Aumann (TU Darmstadt) Prof. Dr. Joachim

Enders (TU Darmstadt) Dr. Christoph Fransen (Universität zu Köln) Dr. Jürgen Gerl (GSI Darmstadt)

Prof. Dr. Jan Jolie (Universität zu Köln) Prof. Dr. Thorsten Kröll (TU Darmstadt) Prof. Dr. Horst

Lenske (Universität Giessen) Dr. Gabriel Martinez-Pinedo (TU Darmstadt) Dr. Oliver Möller (TU

Darmstadt) Prof. Dr. Dr. h.c. Norbert Pietralla (TU Darmstadt) Prof. Dr. Peter Reiter (Universität zu

Köln) Prof. Dr. Markus Roth (TU Darmstadt) PD Dr. Deniz Savran (GSI) PD Dr. Heiko Scheit (TU

Darmstadt) Dr. Ronald Schwengner (HZDR) Prof. Dr. Achim Schwenk (TU Darmstadt) Prof. Dr. Peter von

Neumann-Cosel (TU Darmstadt) Dr. Andreas Wagner (HZDR) Dr. Volker Werner (TU Darmstadt) Prof. Dr.

Andreas Zilges (Universität zu Köln)


