High resolution resonance ionization

spectroscopy of actinides with
REGLIS3

First Physics with the Super Separator Spectrometer S3

Rafael Ferrer
KU Leuven, Instituut voor Kern- en Stralingsfysica
Belgium

KU LEUVEN

R. Ferrer * S3 Workshop, CEA Saclay 2017



Optical Spectroscopy Actinides
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Dipole Moments Actinides
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Quadrupole Moments Actinides
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Initial Campaigns with REGLIS3

206,208ph(48Ca, xn)252-255No First REGLIS3 experiments (1 puA)

. mRg—
* Understand underlying nuclear structure Mt
109V ——

around and at the N=152 shell closure Bh— ~oeHs

* IGLIS on Kisomers (g factor sensitive to nucleon oDb— 10659

configuration) -> learn about single-particle states 1oslT— B
- I752No

define active orbitals near the Fermi surface

- determine nuclear potential

to predict properties of super-heavy nuclei
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178,180Hf(40Ar’ Xn)213,215,216'|'h N =152

* Check magicity of N=126 shell closure,
observed to vanish in the uranium isotope 197Au(?°Ne, xn)?10-213A¢
* Probe nuclear structure near the proto
* Extend high-resolution laser spectroscopy studies
* Refine atomic and nuclear structure predictions
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Dipole Moments 212-215Ac

R. F. et al.,, Nat. Commun. 8 (2017) 14520

M. Fred et al. Phys. Rev. 98 (1955) 1514
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- comparison with large-scale shell model calculations (H. Grawe)

- “constant” offset between atomic and nuclear physics approaches

- 214Ac > I=5, 215Ac » 1=9/2 and 22’Ac - 1=3/2 only spin values that enable fit convergence
KU LEUVEN

Y R. Ferrer - S3 Workshop, CEA Saclay 2017




Quadrupole Moments 214.215A¢

R. F. et al.,, Nat. Commun. 8 (2017) 14520

M. Fred et al. Phys. Rev. 98 (1955) 1514
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Changes in Mean Charge Radii
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Mass and Field shifts from ab-initio calculations (R. Beerwehrt and S. Fritzsche )

- perfect overlap of §<r2> with those in neighboring isotopic chains

Additional data of 22°,226,228,229A¢ from TRIUMF (PhD thesis A. Teigelhoefer)
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Performance of IGLIS on Actinides

Actual and expected performance of IGLIS on 2°Ac.

Gas cell Gas jet Gas jet
(this work)*  (projected)’

lonization volume

Pressure (mbar) 350 (15) 0.7-1 ~0.05

Temperature (K) 350 (25) 25-30 ~9

Jet divergence (deg.) — 10-T1 <1
Linewidth (FWHM)

Total (MHz) 5,800 (300) 394 (18) ~100

Lorent;i (MHz) 4,000 (400) 42 (6) <10

Gauss® (MHz) 1,400 (100) 280 (30) ~100
Selectivityl 8.3 (17) 121 (27) >3,000
Efficiency’ (%) 0.42 (13) 0.40 (13) >10
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Free Jet from an Orifice

63,65

Narrowband PLIF spectroscopy of Cu (natural abundance)

Spectral linewidth p and T along the free jet's central line
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Jet from a de Laval Nozzle

o Tailoring the gas jets

transverse excitation
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Layout REGLIS3
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Outlook: Reach of IGLIS on Actinides

B Stable isotopes
] Radioactive isotopes/isomers studied by optical spectroscopy
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In-Gas-Jet Spectroscopy on
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