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Dipole-excitation modes in atomic nuclei
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Adopted from A. Zilges
et al., J. Phys.: Conf. Ser. 
580, 012052 (2015)
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ΣB(E1) ↑ strength in the A≈140 mass region
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Nuclear Resonance Fluorescence (), )′)
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§ Model-independent 
determination of:
• Excitation energies Ex
• Spin quantum numbers J
• Parity quantum numbers !
• Photoabsorption 

cross sections "!
• Transition strengths

(e.g., #(%&) ↑ )
• ...

§ Pure EM interaction
§ Multipolarity selectivity

(mainly E1, M1, E2)
§ High amount of target mass 

needed (~g)
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For more details: A. Zilges, D. Balabanski, J. Isaak, and N. Pietralla, Prog. Part. Nucl. Phys. 122 (2022) 103903
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Photon source: bremsstrahlung @)ELBE, HZDR
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§ Beam energy up to 20 MeV
§ 4 HPGe detectors, two at 90° and two at 127°

+ Simultaneous analysis of a large 
excitation energy range in one experiment

+ Straightforward usage of calibration target possible
- High background
- Feeding contributions
- Difficult distinction elastic/inelastic transition

⟹ Determination of multipolarity &
absolute energy-integrated cross sections
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Figure 26: Principle of generating a photon beam by (a) bremsstrahlung or by (b) laser Compton
backscattering.

because of the rather high neutron binding energies of the stable Cu isotopes [216] which avoids neutron
induced background in the � detectors. At target position, the spectral photon flux rate (commonly
denoted as ”photon flux”) amounts to around 103 photons/(eV · cm2

· s) at an energy of E�=0.7·Ee.
The target is usually surrounded by three well-shielded HP(Ge) detectors, see Ref. [217] for a detailed
description.

The �ELBE facility at the Helmholtz-Zentrum Dresden-Rossendorf in Germany uses a supercon-
ducting cw electron linear accelerator (e-linac) to generate photon beams with maximum energies of
up to 13 MeV typically (which is the neutron separation energy of 27Al in the Aluminum collimator)
and currents up to 1 mA [211]. The electron beam is decelerated in a Niobium radiator with variable
thickness between 1.5 and 11 mg/cm2. The main fraction of the electrons passes the radiator without
interaction and is deflected by a dipole magnet. O↵-axis bremsstrahlung can be used to generate partly
polarized beams. The experimental area is separated from the bremsstrahlung-generation area by a
heavy concrete wall. The photon beam is transported to the scattering target in an evacuated beam
pipe to avoid scattering with air molecules. The scattering target is usually surrounded by four standard
HPGe detectors with 100% e�ciency each (relative to a 7.68cm ⇥ 7.68cm NaI detector) and one HPGe
Euroball Cluster detector. All detectors are actively shielded by BGO scintillation shields.

The bremsstrahlung facility at the MT-25 microtron at the Flerov Laboratory of the JINR in Dubna,
Russia operates with an electron energy between 10 and 25 MeV with a current of up to 20 µA [218].
Tungsten with a thickness of 30 mm is used as a converter material. The energy integrated total
flux of bremsstrahlung photons is given as 1014 photons/s [219–221]. A very similar setup (where the
bremsstrahlung is mainly used to produce neutrons) is installed at the Nuclear Physics Institute of the
Czech Academy of Sciences in Prague, Czech Republic [222].

At the Lawrence Livermore Laboratory in Livermore, CA, USA the recently installed S band acceler-
ator PRISM (which stands for ”Photonuclear Reactions for Isotopic Signature Measurements”) delivers

50

For more details: R. Schwengner et al., NIM A 555 (2005) 211
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Photon source: Laser Compton Backscattering @ HI)S
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H. R. Weller et al., Prog. Part. Nucl. Phys. 62 (2009) 257
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§ Linearly-polarized beam

§
!"!"#$
"!"#$

≈ 1.8 % − 4%

§ Beam detector 

+ No feeding contributions
+ Nearly no background
+ Easy distinction elastic/inelastic transition
+ Parity quantum number assignment
- Calibration target cannot easily be used

 ⟹ Parity determination & average      
quantities, e.g., absolute photoabsorption 
cross sections

Figure 26: Principle of generating a photon beam by (a) bremsstrahlung or by (b) laser Compton
backscattering.

because of the rather high neutron binding energies of the stable Cu isotopes [216] which avoids neutron
induced background in the � detectors. At target position, the spectral photon flux rate (commonly
denoted as ”photon flux”) amounts to around 103 photons/(eV · cm2

· s) at an energy of E�=0.7·Ee.
The target is usually surrounded by three well-shielded HP(Ge) detectors, see Ref. [217] for a detailed
description.

The �ELBE facility at the Helmholtz-Zentrum Dresden-Rossendorf in Germany uses a supercon-
ducting cw electron linear accelerator (e-linac) to generate photon beams with maximum energies of
up to 13 MeV typically (which is the neutron separation energy of 27Al in the Aluminum collimator)
and currents up to 1 mA [211]. The electron beam is decelerated in a Niobium radiator with variable
thickness between 1.5 and 11 mg/cm2. The main fraction of the electrons passes the radiator without
interaction and is deflected by a dipole magnet. O↵-axis bremsstrahlung can be used to generate partly
polarized beams. The experimental area is separated from the bremsstrahlung-generation area by a
heavy concrete wall. The photon beam is transported to the scattering target in an evacuated beam
pipe to avoid scattering with air molecules. The scattering target is usually surrounded by four standard
HPGe detectors with 100% e�ciency each (relative to a 7.68cm ⇥ 7.68cm NaI detector) and one HPGe
Euroball Cluster detector. All detectors are actively shielded by BGO scintillation shields.

The bremsstrahlung facility at the MT-25 microtron at the Flerov Laboratory of the JINR in Dubna,
Russia operates with an electron energy between 10 and 25 MeV with a current of up to 20 µA [218].
Tungsten with a thickness of 30 mm is used as a converter material. The energy integrated total
flux of bremsstrahlung photons is given as 1014 photons/s [219–221]. A very similar setup (where the
bremsstrahlung is mainly used to produce neutrons) is installed at the Nuclear Physics Institute of the
Czech Academy of Sciences in Prague, Czech Republic [222].

At the Lawrence Livermore Laboratory in Livermore, CA, USA the recently installed S band acceler-
ator PRISM (which stands for ”Photonuclear Reactions for Isotopic Signature Measurements”) delivers
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Average cross sections
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Average cross sections

F. Kluwig | AG Zilges | University of Cologne Dipole response of the N=84 isotones 142Ce and 144Nd

PRELIMINARY

!**. =
#(2/0)

$+ % & % '(2/0) % ∫,
-$* )**

!** =
#

$+ % & % ' % ∫,
-$* )**

14

elastic cross section:

inelastic cross section:
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144Nd: absolute photoabsorption cross sections
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Summary & Outlook
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§ State-to-state analysis not feasible for nuclei 
with very high level densities
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§ State-to-state analysis not feasible for nuclei 
with very high level densities

§ 144Nd: average quantities:
• M1 contribution negligible
• Ineleastic contribution important
• Agreement with (),n) data
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§ State-to-state analysis not feasible for nuclei 
with very high level densities

§ 144Nd: average quantities:
• M1 contribution negligible
• Ineleastic contribution important
• Agreement with (),n) data

§ 142Ce: average quantities:
• Large errors for elastic c.s.
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§ State-to-state analysis not feasible for nuclei 
with very high level densities

§ 144Nd: average quantities:
• M1 contribution negligible
• Ineleastic contribution important
• Agreement with (),n) data

§ 142Ce: average quantities:
• Large errors for elastic c.s.

§ Comparison with existing results of 146Nd 
and theory
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§ State-to-state analysis not feasible for nuclei 
with very high level densities

§ 144Nd: average quantities:
• M1 contribution negligible
• Ineleastic contribution important
• Agreement with (),n) data

§ 142Ce: average quantities:
• Large errors for elastic c.s.

§ Comparison with existing results of 146Nd 
and theory

§ Analysis of HI)S data regarding N=82 nuclei
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§ State-to-state analysis not feasible for nuclei 
with very high level densities

§ 144Nd: average quantities:
• M1 contribution negligible
• Ineleastic contribution important
• Agreement with (),n) data

§ 142Ce: average quantities:
• Large errors for elastic c.s.

§ Comparison with existing results of 146Nd 
and theory

§ Analysis of HI)S data regarding N=82 nuclei

§ Quantification of strength fragmentation
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