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Dipole response of atomic nuclei
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selectivity and sensitivity needed



Pygmy Dipole Resonance (PDR):
First observation

Ann. Rev. Nucl. Sci. 11 (1961) 259

1961:



PDR: First model description

R. Mohan, M. Danos, and L.C. Biedenharn,
Phys. Rev. C 3 (1971) 1740

1971:

core: Z protons, Z neutrons
skin: N-Z excess neutrons



PDR: Studies with tagged photons

Phys. Rev. C 34 (1986) 1114

1986:

(g,g‘) using
tagged photons



Isoscalar character of some E1 excitations

Phys. Lett. B 278 (1992) 423

1992:

(a,a‘g)
with coincident
detection of
scattered particle
and g decay



PDR: High resolution (g,g‘) studies

Phys. Rev. C 57 (1997) 2229

1997:

(g,g‘) using bremsstrahlung



Systematic high resolution (g,g‘) studies

Phys. Lett.  B 542 (2002) 43

2002:



Phys. Rev. Lett. 95 (2005) 132501 

Pygmy Dipole Resonance in radioactive nuclei
2005:



Splitting of the PDR in (a,a‘g)

Phys. Rev. Lett.  97 (2006) 172502

2006:



Splitting of the PDR confirmed

Phys. Lett. B  738 (2014) 519

2014:



From past to present: Interest in PDR

D. Savran, T. Aumann, and A. Zilges:
„Experimental studies of the Pygmy Dipole Resonance“
Prog. Part. Nucl. Phys. 70 (2013) 210

source: Web of Science

Publications with „PDR“
in title or abstract
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A new experimental approach:
SONIC@HORUS at the University of Cologne

SONIC: 12 Si detectors
• solid angle coverage: 9%
• FWHM < 20 keV @ 5.5 MeV
• DE/E for particle identification

HORUS: 14 HPGe detectors
• absolute efficiency: ≈ 2% @ 1.3 MeV
• FWHM ≈ 2 keV @ 1.3 MeV
• active background suppression by BGO

→ e.g.: (p,p‘g) and (d,pg) experiments at Ep,d ≈ 10-20 MeV



The proton-g coincidence matrix
E γ

[k
eV

]

EX [keV]

92Mo(p,p'γ)
Ep=10.5 MeV

Information about the
population and decay of a specific level!

Example: diagonal gates select decay to specific
lower lying states, e.g., to the ground state, ଵ

ା, or ଵ
ା

S.G. Pickstone et al., NIM A 875 (2017) 204



The Sn isotopes: an ideal playground

Semi/doubly magic, 10 stable isotopes, large variety of experiments on E1 modes

(g,g‘) at various energies and facilities
(K. Govaert et al., B. Özel et al., P. Axel et al.)

Coulex at Ep = 295 MeV
(S. Bassauer, P. Neumann-Cosel, A. Tamii et al.)

(g,n) around threshold
(H. Utsunomiya et al.)

(a,a‘g) at Ea=136 MeV (J. Endres et al.),
(p,p‘g) at Ep=80 MeV (M. Weinert et al.)



SONIC@HORUS: (p,p‘g) at Ep=15 MeV

124Sn(p,p‘g)

M. Färber, Cologne 2018

ground state g decays selected

Eg [MeV]



Comparison of different probes

M. Färber, Cologne 2018



Particle transfer: (d,pg) at SONIC@HORUS

119Sn(d,pg)120Sn

→ mul -messenger investigations:
Deniz Savran, session 10 on Wednesday

PDR region

M. Weinert, Cologne 2018

proton gate



Limits of discrete excitation analysis:
photon scattering at DHIPS/gELBE and at HIgS

DHIPS/gELBE: bremsstrahlung photon beam

• high beam intensity
• several HPGe detectors for spin determination
• absolute cross sections model independently

HIgS: quasi-monoenergetic photon beam

• beam energy spread ≈ 3%, 100% polarized
• g3: 4 HPGe detectors plus 4 LaBr detectors
• parity determination, sensitive g-decay studies

B. Löher, V. Derya et al., NIM A 723 (2013) 136

K. Sonnabend et al., NIM A 640 (2011) 6



Limits of discrete excitation analysis: 144Nd
Study of dipole excitations in a heavy, non-magic nucleus in
polarized photon scattering at HIgS (TUNL, Durham, USA)

J. Wilhelmy, Cologne, 2018

144Nd

HIgS beam profile



Limits of discrete excitation analysis: 142Ce
Parity determination for > 175 dipole excitations between 5 and 7 MeV
from polarized photon beam scattering at HIgS (TUNL, Durham, USA):

negative
parity

positive
parity

M. Müscher, Cologne, 2018



Future: selection of open questions
How does the E1 strength evolve with:

• mass number,
• number of valence nucleons,
• deformation? 

D. Savran, T. Aumann, and A. Zilges,  Prog. Part. Nucl. Phys. 70 (2013) 210 



Future: selection of open questions
What can we learn from the g-decay pattern of the E1 excitations?

B. Löher et al., Phys. Lett. B 756 (2016) 72



Future: selection of open questions
What is the difference in the excitation by different probes?

M. Färber, Cologne 2018



Future: selection of open questions
Is the Brink-Axel hypothesis fulfilled?

D. Martin et al., PRL 119 (2017) 182503 J. Isaak et al., PLB (2018), in press

YES NO

128Te
96Mo



Future: selection of open questions
Is there evidence for a Pygmy Quadrupole Resonance (PQR)?

N. Tsoneva, H. Lenske, PLB 695 (2011) 174,
M. Spieker et al., PLB 752 (2016) 102

E2 strength

L. Pellegri, A. Bracco et al., PRC 92 (2015) 014330



Future: a new photon facility

HIgS

selection of an energy range

J. Wilhelmy et al., PRC 97 (2018) 054319



Future: a new photon facility

HIGSELI-NP

selection of single excitations



E1 excitations: the very near future…
Session 6:
E. Lanza, L. Pellegri, O. Wieland, D. Negi

Session 8:
M. Kmiecik, A. Tamii, P. von Neumann-Cosel

Session 10:
K. Yoshida, D. Savran

Session 11:
P. Papakonstantinou

Session 13:
R.Roth, V. Nesterenko

Session 16:
E. Litvinova, N. Arsenyev, D. Gambacurta, H. Jivan

Session 18:
F. Crespi, N. Kobayashi
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