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Dipole response in atomic nuclei
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Collectivity emerging from complexity
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Nuclear Resonance Fluorescence

B

= Nuclear Resonance Fluorescence (NRF)
= Photodisintegration, Photofission
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Bremsstrahlungy-ray beams

Photon beams production via bremsstrahlung:

= No polarization N Xeray
electron :\N\‘\I‘)

= High flux = l
= Continuous-energy photons beams up to E.. \
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Seminal developments in the last decades by:

TU Darmst_adt, Unlver_sny qf Cologne, Darmstadt High Intensity
HZDR, JLU Giessen, University of Stuttgart Photon Setup (DHIPS)
"-" - DARMSTADT fCIg \..,,4_ &/ Ur;i:::tsgi;\:tof
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Laser-Compton backscattering
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= Monoenergetic y-ray beam
= Tunable energies in the MeV-range
= Fully polarized beam

Existing facilities: High Intensity Gamma-ray Source (HIyS), Duke University, USA
New SUBARU, SPring-8, Japan
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Typical y-ray beam-profile at HlyS
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Research groups Pietralla (TUD) / Savran (GSl)/ Zilges (UoC)
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Typical y-ray beam-profile at ELI-NP
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Selection of energy
range with existing
facilities

N
Selection of excitations
with ELI-NP!

New physics with ELI-NP!
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The multi-detector array ELIADE

Detector properties:
= 8segmented HPGe Clover semiconductor
detectors
= High energy resolution: 2 keV @ 1332 keV
" gy @ 1.3MeV= 6%
= 4 crystals (‘leaves’) per Clover
= 8 segments per crystal
= Anti-Compton shields

= 4 LaBr; scintillation detectors
= very fast

Beam profile monitoring (Pietralla group) and
pair-spectrometer (Kroll group) by

back

tch '
Ei%f;r side shield (Pb) TU Darmstadt.

Development of signal extraction and
detector tests by University of Cologne.
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Discovery frontiers for NRF at ELI-NP

Avallability frontier

(access to rare isotopes)

Sensitivity frontier
(weak channels)

Precision frontier
(high statistics)
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Julius Wilhelmy, University of Cologne, AG Zilges
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Physics cases - Do nuclear excitations violate parity?
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= small contributions of the weak interaction to the effective

nucleon—-nucleoninteraction
» effective nuclear force violates parity
» Jm™=1*/1"parity doublet of 2°°Ne at 11.26 MeV is suited to

observe parity violation

>

Pietrallagroup (TU Darmstadt)

Only possible with selective excitation by fully
polarized, high-intense y-ray beams at ELI-NP!

J. Beller et. al., PLB 741 (2015) 128-133
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Physics cases - Do nuclear excitations violate parity?
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= small contributions of*‘I \\l\‘\l
nucleon-nucles 5\‘»

> effective 5e a(\(\ ~.es parity
> J7 =141 a\(\o aolet of 0Ne at 11.26 MeV is suited to

observe p WS ©iolation

> Only possible with selective excitation by fully
polarized, high-intense y-ray beams at ELI-NP!

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

Pietrallagroup (TU Darmstadt)
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Physics cases - constraints on Ov[3 3 decay matrix elements

2
<m, >

OvBp
= Precise calculation of . ‘.

MOV for determination of

= Jt=1*scissors mode

sensitive to proton-
neutron coupling in IBM-2

Aovgp = Gou| M|

> Only possible with high-intense y-ray beams and
high sensitivity to weak decays at ELI-NP!

Pietrallagroup (TU Darmstadt)
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Physics cases - constraints on Ov[3 3 decay matrix elements
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Only possible with high-intense y-ray beams and
high sensitivity to weak decays at ELI-NP!

>

Pietrallagroup (TU Darmstadt)
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Physics cases - Acces to the EOS: Pygmy Dipole Resonance

two phonon
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= Energy range of 5-9 MeV
= QOscillation of neutron-skin versus proton-neutron core
= Determination of neutron-skin thickness!
= Constrain symmetry energy parameter in the EOS!

= |mpact on astrophysical scenarios like rapid neutron capture
process!

> Only possible with selective excitation by fully polarized,
highly-intense y-ray beams and high sensitivity to decays at ELI-NP!

Savran group (GSI), Aumann group (TU Darmstadt),
Pietrallagroup (TU Darmstadt), Zilges group (University of Cologne)
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Physics cases - Acces to the EOS: Pygmy Dipole Resonance

E1 Strength [a.u.]
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\
Only possible with selective exci Q(Ln by fully polarized,
highly-intense y-ray beams and high sensitivity to decays at ELI-NP!

Savran group (GSI), Aumann group (TU Darmstadt),
Pietrallagroup (TU Darmstadt), Zilges group (University of Cologne)
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Physics cases - origin of matter: p-process nucleosynthesis

Nuclens MNatural Abundance
Ul bundence [¥e] [1(]6 Si)[97)
g 0.80 0.55
By 0.35 0.153 *
Mgp 0.56 0.132
Mo 14.84 0.378
Mo 0.25 0.236
%Ry 5.54 0.103
%Ry 1.87 0.035
102py 1.02 0.0142
106 1.25 0.0201
108 0.89 0.0143
S () 4.29 0.0079
12g, 0.97 0.0372
g, 0.66 0.0252
115Gy, 0.34 0.0120 *
120 0.09 0.0043
12y 0.09 0.00571
126 e 0.09 0.00500 =*
0B, 0.106 0.00476
1321, 0.101 0.00453
L P 0.09 0.000400 =
e 0.185 0.00216 =
oL . ¥ Ce 0.251 0.00284
= y-process: highly energetic photons s 301 o0
o . l*‘:iGd 0.2 0.00066
Dy 3 29
disintegrate stable seed nuclei san 006 000021
. .. . 162, 0.14 0.000351 *
= Stable nuclei on neutron deficient side == Lo oovn -
Sy 0.13 0.000322
. . 174 : ! *
are called p-nuclei (35 isotopes) ot e o000
180y 0.12 0.000173
" Very IOW abundances H10s 0.02 0.000122 *
190 py 0.014 0.00017
P 0.15 0.00048
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Physics cases - origin of matter: p-process nucleosynthesis

= Typically 1 mg target
. samples of p-nuclides
: -
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N Only possible with high fluxes and highly
efficient y-ray spectrometer ELIADE

Zilges group (University of Cologne), Schwengner group (HZDR)
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Physics cases - origin of matter: p-process nucleosynthesis
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10 . = Typically 1 mg target
= samplas of p-nuclides

Abandances[Si

N4

N Only possible with high fluxes and highly
efficient y-ray spectrometer ELIADE

Zilges group (University of Cologne), Schwengner group (HZDR)
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Physics cases - Dipole response of unstable nuclei

/ N
Example of 240Pu: 2

6563 a

= 10 mg target material \_ )
> 1019 nuclei
> with T, = 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 I'; = 50 meV and M1
excitation at 2000 keV with T, = 25 meV (values from 238U)
= vy-ray beam with 5000 gammas / (eVemm?es)
» 50-200 reactions /s

One relevant reaction/s in the HPGe detectors
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Physics cases - Dipole response of unstable nuclei

)

= Access to magnetic and electric dipole

&

Pu 240
6563 a

/

excitations In unstable nuclel!

Photofission studies

Cm 248
3.4-10°a

m

Yield (%/amu)
02

234U(,Y f)

y Wy

\..Kn M.‘\}f;,
6.85 MeV

0

Only possible with selective excitation by fully
polarized, high-intensey-ray beams and high
sensitivity at ELI-NP!

Enders group (TU Darmstadt)
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Physics cases - Dipole response of unstable nuclei

Am 243 Cm 248
4 N | 7370a | ™ | 3.4-105a
Np 237 | \_ J | Pu240 | \_
2.1-106 6563 a - —
| 234U('yf
\ J \ Jo““e( ﬁ
= Access to magnetic = \\‘\; A\ _E NJ
excitations in 1= \\a\)\ (e\g,o\o f"/ \h.,__
= Photofissic 2 o A
PN v e

Only @00?.\—) with selective excitation by fully
polarized, high-intensey-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

TECHNISCHE

UNIVERSITAT .
niversitat g

e zu Koln

JUSTUS-LIEBIG-

UNIVERSITAT
=B | i GIESSEN A =
ﬁHELMHOLTZ
ZENTRUM DRESDEN
’ROSSENDORF

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 (Universitdat zu Koéln) Dr. Jirgen Gerl (GSI Darmstadt)
Prof. Dr. Jan Jolie (Universitdat zu Koln) Prof. Dr. Thorsten Kroll (TU Darmstadt) Prof. Dr. Horst
Lenske (Universitdat Giessen) Dr. Gabriel Martinez-Pinedo (TU Darmstadt) Dr. Oliver Moller (TU
Darmstadt) Prof. Dr. Dr. h.c. Norbert Pietralla (TU Darmstadt) Prof. Dr. Peter Reiter (Universitdt zu
Ko1n) 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 (Universitdat zu Koéln)
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