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Optical Spectroscopy Actinides: Status
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Important nuclear ground- and isomeric-state properties to understand
underlying nuclear structure and improve predictive power of nuclear theories

KU LEUVEN

R. Ferrer * NuSPRASEN 2019 -



Optical Spectroscopy Actinides: Challenges
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> Laser spectroscopy after fusion evaporation reactions

» Low production rates of actinides impose highly
sensitive and efficient laser spectroscopy technique

&
» High spectral resolution to resolve hyperfine structure
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In Gas Laser Ionization and Spectroscopy (IGLIS)
In-Cell vs In-Jet Spectroscopy
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Performance of IGLIS on Actinides

Actual and expected performance of IGLIS on 21°Ac.
Gas cell Gas jet
(this work)
Linewidth (FWHM)

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

Lorent_zE (MHz) 4,000 (400) 42 (6)

Gauss® (MHz) 1,400 (100) 280 (30)

N
Characterization/optimization
in in @ offline IGLIS laboratory
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.....

- High power high rep. laser system
- New gas cell design
- RFQ lon Guides

Finzet fens ! v'Jet properties with CD nozzles
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Information on velocity, temperature and density distributions in the gas jet
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Quasi-uniform jet

Photons in 16.8 ms
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Characterization of jets formed by de Laval nozzles II
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Radial distance (mm)
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Nozzle (M> 5)

New nozzle contour using advanced simulation code from Aeronautics and Aerospace
Department (von Karman Institute for Fluid Dynamics)
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Characterization of the flow parameters by PLIFS and RIS and | Piet ~ Ppg

comparison with results from simulations
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Characterization of jets by RIS
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Results of flow parameters using RIS
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SPIRAL2 Phasel
- Increase the intensity of stable beams In-beam SpeCtrOSCOpy
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S3- LEB Layout
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Spectrally resolved hyperfine structure >
RIBs (isomeric) of high purity for low energy experiments
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Offline commissioning at LPC

Laboratoire de physique corpusculaire - r‘\ ‘l S »
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First experimental campaigns S3-LEB

. Stable isotopes o F
. Radioactive isotopes/isomers studied by optical spectroscopy %TF# -
D il YR |—|::$|| .
D Isotopes proposed for 1st experimental campaigns @ S3-LEB ¢ e II-'gju
E
2=82 P :
Hiieae" ot N=152
/’—:WT T n N:126
Z=50 1—$
Pt T
Z=40
i N=82
Z=28 ——
. 10 pre-proposals for laser spectroscopy and MR-ToF
AR | i SR mass spectrometry of N=Z and actinide nuclei
H N=40
N=28

KU LEUVEN

R. Ferrer * NuSPRASEN 2019 -



First REGLIS? experiments (1 puA)
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» Check magicity of N=126 shell closure,
observed to vanish in the uranium isotopes

 Probe nuclear structure near the proton drip line _ _
« extena mygh-resolution laser spectroscopy studies

» Refine atomic and nuclear structure predictions
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The In-Gas-Jet method is being optimized to study fusion evaporation
reaction products

IGLIS combines good efficiency and spectral resolution and is well suited
for the study of heavy elements

PLIF has been implemented and can be used to characterize local flow
parameters - find the best nozzles for IGLIS studies

Considering RIS as an alternative method to characterize flow parameters
- (higher efficiency)

Commissioning of REGLIS3 at LPC Caen is ongoing. A full off-line characterization
of the setup along with a further optimization of the IGLIS technique are planned
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