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The nuclear E1 response

E1 strength due to isospin-symmetry breaking
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... are there more generating mechanisms?

M. Spieker, University of Cologne, AG Zilges a clustering and the E1 response of heavy nuclei



Isospin-symmetry breaking in atomic nuclei
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[F. lachello, PLB 160, 1 (1985)]

Low-lying E1 strength due to
isospin-symmetry breaking

[F. lachello, PLB 160, 1 (1985)]
Two components:

= Quadrupole-octupole coupling (static/dynamic)
= a-clustering mode

+ -
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Is clustering a general phenomenon in nuclei?

[D. J. Marin-Lambarri et al., PRL 113, 012502 (2014)]

[J.-P. Ebran et al., Nature 487, 341 (2012)]
[J.-P. Ebran et al., PRC 90, 054329 (2014)]
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[Pictures: M. Freer/University of Birmingham]
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Low-lying E1 strength in rare-earth nuclei
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[C. Fransen et al., PRC 57, 129 (1998)]
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E1 strength in rare-earth nuclei

(combined experimental efforts of Stuttgart, Giessen,
K6In, and Darmstadt in ‘80s and ‘90s)

=  Nuclear resonance fluorescence (NRF) using
Stuttgart and Darmstadt setups

=  Most selective probe to study dipole strength

=  Complete dipole strength between
0.8—-4.1 MeV

=  Parity measurements using Compton
polarimeters
— Parity of strongly excited states accessible
(E1 or M1 excitation?)

= y-decay branching of strongly excited states
K guantum number assignment (AK=0 or
AK=1 excitation?)

Large experimental data base!
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Low-lying E1 strength in rare-earth nuclei
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E1 strength in rare-earth nuclei
(combined experimental efforts of Stuttgart, Giessen,
K6In, and Darmstadt in ‘80s and ‘90s)

=  Nuclear resonance fluorescence (NRF) using
Stuttgart and Darmstadt setups

=  Most selective probe to study dipole strength

=  Complete dipole strength between
0.8—-4.1 MeV

=  Parity measurements using Compton
polarimeters
— Parity of strongly excited states accessible
(E1 or M1 excitation?)

= y-decay branching of strongly excited states
—> K quantum number assignment (AK=0 or
AK=1 excitation?)

Large experimental data base!

a clustering and the E1 response of heavy nuclei



Isospin-symmetry breaking in atomic nuclei
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Clustering in atomic nuclei — U{v+1)
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= U(4) is the algebra of the sp interacting
boson model
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Clustering in atomic nuclei — U{v+1)
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— spdf IBM to describe octupole mode

and a-clustering mode!

[M. Freer/University of Birmingham]
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The interacting boson model (IBMM)
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E1 strength in Nd isotopes
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[MS, S. Pascu, A. Zilges, and F. lachello, PRL 114, 192504 (2015)]

First 1" state:

p-boson is responsible for parabolic
evolution of the E1 strength!
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E1 strength in Nd isotopes
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Experimental data from: [H.H. Pitz et al., NPA 509, 587 (1990)]
[H. Friedrichs et al., PRC 45, 892(R) (1992)]
[T. Eckert et al., PRC 56, 1256 (1997)]
[ENSDF, 2015]
IBM Results: [MS, S. Pascu, A. Zilges, and F. lachello, PRL 114, 192504 (2015)]
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E1 strength in Nd isotopes
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E1 strength in Nd isotopes

146 150

Nd Nd Nd Nd Nd

C\]E' ?: =‘j,':ll O‘"AK d - i | 1 | 1 I Expe;?iment 7
Nﬂ; 19 [ p), (dd) 1 T % l % ]
o

6 - 4 < < < -
.g, 94 I |I 1 f ..TT Tik jlt j.-| el T 1 el ikl 1 ‘xk X 1

ol 7 1 I 1 IBM -
ET_J/ 12 L | 4 4 1 4
M ol | b T | 1

- : i : : | : | L. : i I : |' : | I A i I -1 I L i

9 - 4 1 1 IBM |
EEL 1 ] I
=

T IR TEN WAAT TR T

1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
Energy [keV] Energy [keV] Energy [keV] Energy [keV] Energy [keV]

Experimental data from: [H.H. Pitz et al., NPA 509, 587 (1990)]
[H. Friedrichs et al., PRC 45, 892(R) (1992)]
[T. Eckert et al., PRC 56, 1256 (1997)]
[ENSDF, 2015]
IBM Results: [MS, S. Pascu, A. Zilges, and F. lachello, PRL 114, 192504 (2015)]

Results:
" Good agreement with experimental data for almost all known low-lying 1
states (strength and centroid energy)

= Strong p-boson states are observed (n /n; > 1)

M. Spieker, University of Cologne, AG Zilges a clustering and the E1 response of heavy nuclei



E1 strength in other rare-earth nuclei
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Experimental data from: [W. Ziegler et al., NPA 564, 366 (1993)]
[H.H. Pitz et al., NPA 492, 411 (1989)]
[J. Margraf et al., PRC 52, 2429 (1995)]
[ENSDF, 2015]
sd-IBM parameters for Dy: [E.A. McCutchan et al., PRC 69, 064306 (2004)]
(Gd parameters similar)
IBM Results: [MS, S. Pascu, A. Zilges, and F. lachello, PRL 114, 192504 (2015)]

Results:
= spdf-IBM is able to describe the low-lying E1 strength in rare-earth nuclei!
= U(4), i.e., two-body cluster, plays a crucial role!
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Neutron-deficient rare earths — Ba isotopes
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Neutron-deficient rare earths — Ba isotopes
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The nuclear E1 response

E1 strength due to isospin-symmetry breaking
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two phonon
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[Picture: V. Derya]
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... are there more generating mechanisms?
... is there a cluster component in the PDR?
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o, clusters and the PDR?
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o, clusters and the PDR?
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Experimental identification?
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Dipole o vibrations — a universal collective mode?

Centroid Energy [MeV]
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Centroid energy evolves smoothly as expected for a collective mode!
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Summary & open questions
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Connection of different modes?

=  Summary
= Possible signatures of an o-cluster
= p-boson describes in a natural way
parabolic behavior of E1 strength
= Existence of cluster states in heavy
nuclei possible!
= Enhanced E1 transitions might serve as

an indicator
[MS, S. Pascu, A. Zilges, and F. lachello, PRL 114, 192504 (2015)]

= Some open questions

Theory:

= Unambiguous correspondence of sp-IBM, i.e.,
U(4) with cluster configurations?
—  Microscopic calculations including 4QP

a priori, i.e., o.-particles needed!
Experiment:

=  Further experimental observables?

= Parity of dipole states?

» Link between deformed and spherical nuclei/
connection with PDR?

= |sthere a mass dependence?
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