GDR measurements present and future
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OUTLINE

Giant Dipole Resonance (GDR) — general features

The GDR as a probe to study the feeding of superdefomed bands
The GDR as a probe to study Isospin Mixing.

PDR

ELI-NP



Photoabsorption measurements

Isovector Giant Dipole Resonance (IVGDR, GDR)

GDR couples to
quadrupole deformation
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Brink and Axel independently hypothesized that the giant electric dipole resonance (GDR) stays at the same excitation
energy relative to all initial states. This became known as the Brink—Axel hypothesis (BAH), which today is taken to mean
that the Gamma Strenght Function (GSF) is independent of the energies, spins, and parities of the initial and final states

and depends on the y energy only.
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The GDR intrinsic width does not change with
excitation energy but temperature induces
‘shape’ and ‘orientation’ fluctuations. Namely, in
a hot nucleus, there is not a fixed shape and
orientation and the GDR cross section is a
weighted average.
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The HOT GDR cannot be considered a solved problem but, thanks to the work of several
theoretician and experimentalists, it is not something unknown and not understood topic.

The HOT Giant Dipole Resonance (GDR) can be used as a probe to study new phenomena

HOT GDR When a nucleus get superdeformed ?
in super-deformed nuclei Compound (E”,1)
One use the feature that GDR ‘ : VGDR decay
couples to nuclear shape- Particle
deformation emissiom
A GDR built on Particle
a normal deformed nucleus will be . emissiom
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a super deformed nucleus is Snors,
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Ground State

“ ... The large increase in E1 transition probability T(E1;U;) needed to explain the population of the 60 # member of the super-deformed
band arises from the product of two effects. The GDR built on a super-deformed state splits into two major components, the lower
expected around 8 MeV of excitation, and leads to an increase of T(E1;U;) by a large factor. The second effect is connected with the low
level density expected in the super-deformed minimum, ... “ ... R.Broglia ... PRL 59(1987)2416



A measurement was performed several years ago
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... but the acquired statistics was too low.
Based on very low statistics it was concluded that super-deformation survives only few MeV above yrast.

A new experiment is now going to be proposed coupling the AGATA and the PARIS arrays.
In this experiment ten time more statistics is expected.
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Isospin Mixing
One use the evidence that the y-decay of the ‘hot” GDR is composed only by E1 photons

N=7 nuclei Nuclear Hamiltonian does not commute with the elctromagnetic
EDF with SLy4 interaction therefore Isospin is not conserved.

Isospin is not a good guantum number. The wavefunction of a
‘generic’ nuclear state is a linear combination of wave fuctions with
different Isospin, in other words, a nuclear state has not a fixed
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The nuclear interaction is stronger than the electromagnetic interaction. Therefore, the electromagnetic interaction
induced effects are ‘small’ if compared with the strong nuclear interaction indyced effects. Therefore, for each nuclear
configuration, there is a dominant isospin value ( >> ).

General trend of the mixing
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The E1 y-decay of the GDR is sensitive to Isospin. If Isospin is conserved, the y-decay of the GDR, in self
conjugate nuclei produced in a zero isospin state, is forbidden between states with Isospin zero. The
amount of the first step GDR y-decay, in self conjugate nuclei produced in a zero isospin state, provides
a quantitatively estimate on the degree of conservation of Isospin.
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New measurements A.Giaz to be submitted



The PDR (Pygmy Dipole Resonance) is, probably, what was, several years ago, the GDR.

Some PDR excitation states have an Iso-scalar and some an Iso-vector nature.
PDR is predicted and was always observed around particle binding energy.

Does the PDR collective states survive to excitation energy?
How is PDR in deformed nuclei?

A very important point associated to the study of the PDR states is the need of a systematic study to learn
about the dependence of the PDR on mass and neutron excess and the investigation of the isospin
character using complementary approaches. It extremely important the use of different probes to excite
and measure the decay of the PDR. These data also help theoretical models.

IFIN — ELI — Search of the ‘hot’ PDR 325 + 24Mg -> >®Ni
345 + 26MIg -> 6ON)j
36S + 26MIg -> 62N)j
160 + 48Ca -> ®*Ni
180 + 48Ca -> 0N

Krakow — Study of the y decay of the PDR built on the ground state p + °% 62 64Nji



ELI-NP
GAMMA BEAM:

* Energy: 0-19.5 MeV
* Bandwidth: 0.5%
* Time averaged spectral density: 5000 photons/s/eV

* Repetition Rate: 72 MHz (14 ns)
* Photons per bunch: 1-5

* OK for y-rays

* Too short for neutrons (decrease in intensity --> reduction of repetition rate)
As described in the TDR:

ELIGANT-GN

15 LaBr;(Ce) + 19 CeBr; (size 3x3 inches)

33 BC501A + 22 GS20.

ELIGANT-TN
28 tubes with 3He embedded in a polyethilene cube.

ELIGANT is the most effective choice for measurements when the energy of the gamma beam is higher
than the particle binding energy



Measurement of the absolute values of B(E1) and B(M1) for E* 2 E
Measurement of the absolute values of the neutron and y branching ratio
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PDR = single-particle (non-collective) excitations or
collective with mixed isoscalar/isovector

Experiments - At. the mo.ment experiments cannot pin down PDR
microscopic structure

Experiments @ELI-NP - Very s.|m|Iar.y—d.eca.ys l:.)ranch are measure.d in nearby
nuclei provide indication of a PDR collective character

. Tunes theories for PDR in the r-process nucleosynthesis.

Polarization provides a very clean identification of
E1/M1 decay as a function of E*




ELI-NP LOI

Physics Case (Ey>S,orS,)

Statement of Research Intent to ELI-NP

GDR decay in *™Pb GDR decay in 208Pb

Collaboration presenting the Lol

Franco Camera (1.2 ELIGANT-TN

b Measurement of photo-neutron cross section vs the energy of the
gamma beam. The results of this measurement must be compared
with what already present in literature.
ELIGANT-GN
Measurement of PDR-GDR y-decay to the Ground State
Measurement of two steps y-decay to the Ground State
Measurement of n plus y-decay
e Measurement of n-decay to the Ground State
G Newtvn dacay fhe PDR.GDR P Measurement of the neutron/y decay branching ratio.

was already widely discussed in the TDR “gamma above neutron thresheld” [1] and in

Local contact — (ELI-CANT Team — P.A.Soderstrom)

i is important 1o stres: i, in this LOI we concentrais in the energy region above the neurron thresheld
(5,). I this emergy reg the competition with neutron decay and the small two-steps decay branching

roriomak o cxpampcnt ey s avdhe ek ey k. Oy he s s ELLE. There will be the choice (depending on the time needed to change

and almast ‘monochromatic’ gamma beam and the very efficient ELI-GANT arrays would maks possibls

o paorm succasslly e mecsromens the energy of the y beam) to study different isotopes using few beam
energies or one isotope using several beam energies




Conclusions
The Giant Dipole Resonance generali features
The study of the GDR in hot nuclei = The use of the GDR in hot nuclei
Super-Deformed Bands and Isospin Mixing

PDR
ELI-NP

Thank you for the attention









Why 143Eu

Discrete SD band in *43Eu Literature shows that the discrete super-deformed band in *3Eu
I feeds only the normal deformed (ND) quasi spherical transitions
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