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Context: study of heavy and superheavy atomic nuclei @

e Major line of research in modern nuclear physics
o Rich variety of emergent phenomena (deformation, isomerism, fission, etc.)

o What is the heaviest element in the periodic table?
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Context: study of heavy and superheavy atomic nuclei @

e Major line of research in modern nuclear physics
o Rich variety of emergent phenomena (deformation, isomerism, fission, etc.)

o What is the heaviest element in the periodic table?

e Difficulty: production cross sections are small
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Context: study of heavy and superheavy atomic nuclei @

e Experimental techniques:
o Decay spectroscopy

o Laser spectroscopy
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Context: study of heavy and superheavy atomic nuclei @

e Experimental techniques:
o Decay spectroscopy
o Laser spectroscopy

o ..
e Laser spectroscopy: expertise of the RADRIS collaboration at GSI
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Laser spectroscopy

e Example of Ag isotopes
o Two-steps ionization scheme
o Scan of transition \;

o Count the number of ions as a function of the frequency A1
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Laser spectroscopy

e Example of Ag isotopes
o Two-steps ionization scheme

o Scan of transition \;

o Count the number of ions as a function of the frequency A1
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Laser spectroscopy

100Ag
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B counts (arb. u)
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Décalage isotopique/isomérique
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Laser spectroscopy of Fm and No isotopes

e Combination of several production methods:
o Direct fusion-evaporation: 2®Pb(*Ar,2-3n)******Fm

o Indirect fusion-evaporation: 2°0:207:208pp(48Cy 2n)22:253.254 o

o Re-irradiation of samples collected in nuclear reactor: 2°>*"Fm
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Laser spectroscopy: the RADRIS method g

Extraction
Electrodes

PIPS -
Detector

Courtesy of S. Raeder

e Laser spectroscopy of 8 isotopes thanks to the RADRIS technique




Experimental setup @

Courtesy of A. Raggio and J. Warbinek
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Shell closures and magic numbers @

e Nucleon magic numbers: 2, 8, 20, 28, 50, 82, ...
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Shell closures and magic numbers

e Nucleon magic numbers: 2, 8, 20, 28, 50, 82, ...
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Shell closures and magic numbers

e Nucleon magic numbers: 2, 8, 20, 28, 50, 82, ...
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“Kink” in change in (r?)
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Experimental results for Fm and No isotopes
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e Slight increase but no clear “kink” contrary to lighter nuclei

o Good agreement with simple liquid drop model: r oc A/
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Experimental results for Fm and No isotopes @
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e Slight increase but no clear “kink” contrary to lighter nuclei

o Good agreement with simple liquid drop model: r oc A/

— Towards a more macroscopic behavior of nuclear matter?
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Theoretical analysis: microscopic models @

e Phenomenological interactions (Skyrme, Gogny, Fayans)
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Theoretical analysis: microscopic models @

e Phenomenological interactions (Skyrme, Gogny, Fayans)

e Single-Reference Energy Density Functional (SR-EDF)
= “Mean field”, "Hartree-Fock-Bogoliubov”
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Theoretical analysis: microscopic models @

e Phenomenological interactions (Skyrme)

e Multi-Reference Energy Density Functional (MR-EDF)
= “Beyond the mean field”, “Generator Coordinate Method”
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Theoretical analysis: comparison with experiment
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Theoretical

analysis: proton densities
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Theoretical analysis:

proton densities
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e Proton density of ***Fm et ***Fm very similar [po(r) = [ pp(r) Yoo () d€]




Theoretical analysis: proton densities @
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e Proton density of ***Fm et ***Fm very similar [po(r) = [ pp(r) Yoo () d€]
e Same quadrupole deformations [p2(r) = [ pp(r) Ya0(Q2) dQ]
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Theoretical analysis: proton densities @
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e Proton density of ***Fm et ***Fm very similar [po(r) = [ pp(r) Yoo () d€]
e Same quadrupole deformations [p2(r) = [ pp(r) Ya0(Q2) dQ]
o Different hexadecapolar deformations [p4(r) = [ pp(r) Yao () dQ]
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Conclusion and outlook @

e Laser spectroscopy of heavy-mass radioactive nuclei
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Conclusion and outlook @

e Laser spectroscopy of heavy-mass radioactive nuclei

e Change in (r®) doesn't exhibit a characteristic “kink” at N = 152
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Conclusion and outlook @

e Laser spectroscopy of heavy-mass radioactive nuclei

e Change in (r®) doesn't exhibit a characteristic “kink” at N = 152

e Theory in relative agreement with experiment (up to theo. & exp. accuracies)
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Conclusion and outlook @

e Laser spectroscopy of heavy-mass radioactive nuclei

e Change in (r®) doesn't exhibit a characteristic “kink” at N = 152

e Theory in relative agreement with experiment (up to theo. & exp. accuracies)

e But it will be more interesting to look at other observables

o Moments: dipole magnetic (1) and quadrupole electric (Qs) of odd-mass
nuclei

o Physics case of S* at GANIL (Caen)

CANIL
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Conclusion and outlook @

Laser spectroscopy of heavy-mass radioactive nuclei

e Change in (r®) doesn't exhibit a characteristic “kink” at N = 152

Theory in relative agreement with experiment (up to theo. & exp. accuracies)

But it will be more interesting to look at other observables

o Moments: dipole magnetic (1) and quadrupole electric (Qs) of odd-mass
nuclei

o Physics case of S* at GANIL (Caen)

CANIL

o Unique possibilities of MR-EDF calculations
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