LASer techniques for Exotic nuclei Research (LASER)

Develop tools and perform R&D for the Resonance Laser Ton Source (RILIS):
* Production of extremely pure ground-state and isomeric beams of exotic nuclei
- Accumulation, cooling, bunching and polarization of clean radioactive ion beams

(Institutes: K.U.leuven, GSI, JYFL -Jyvaskyla, ISOLDE, U-Mainz, U-Manchester, INP-Orsay)
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* More efficient use of ISOL beams

- New exotic (polarized, isomeric) RIB
- Optimization of RIB time structure
- - Easy injection into ion traps

- Determination of radii, spins and

Resonant Laser Ionization
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Researeh program

Description of work:

Task T-J08-2: New laser ionisation schemes and new beams
Task T-J08-3: Prototype LIST system

Task T-J08-6: Feasibility study to polarize exotic nuclei with lasers
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* On-line test of a new laser ionization scheme for polonium at ISOLDE
(ISOLDE,_K.U.Leuven,'INPO—Or'say,'U—Mainz)
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Yield curves - Po isotopes
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Mean square charge radii

shape staggering Po?
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new down to ¥2Pb (T, = 55 ms)
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* in-source laser spectroscopy: 6<r2>, Q, u (down to 193)

/ » decay spectroscopy
| * post-accelerated (isomeric beams) with REX-ISOLDE:
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* H. De Witte et al., submitted (K.U.Leuven, Mainz, ISOLDE, IPNO-Orsay)



- Lasers for radioactive ion beam production and research

» ISOLDE - CERN: operational, laser system upgrade
+ LISOL - Louvain la Neuve: operational

- JYFL - Jyvaskyla: installed and operational

* ALTO - Orsay: installation of laser system 2007
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- Off-line laser ionization of Tc
(JYFL, Mainz, Manchester, K.U.Leuven)

1014 atoms of *°Tc (t,, = 2.1x10° years) on Re filament (Mainz)

 3-step laser ionization scheme using Nd:YAG pumped Ti:Sapphire lasers (JYFL)
Rubidium surface ions and 22Tc laser ions
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 2-step laser ionization scheme using excimer pumped dye lasers via auto ionizing states

(LISOL)
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e Ti:Sa Laser lon Source

Titanium:sapphire laser excitation schemes accessible .....
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 New ionization schemes: Al, Ca, Fe, Ni, Cu, Ga, Zn, Ge Tc, Pd, Sn, Gd, Yb,...

(on-line experiments)



- Post-accelerated isomeric Cu beams @ ISOLDE (ISOLDE, IPN-Orsay, K.U.Leuven)

> 68maCy (2.86 MeV/u, 3 10° pps, 74% pure) @ 1205n (2.3 mg/cm?)
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» Optical pumping in the RFQ cooler (JYFL - Manchester) I
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- Laser Ion Source Trap - LIST
(6SI - Mainz - JYFL - Manchester)

Production of isobarically pure ion beams with optimum spatial and
temporal ion pulse control using a gas-filled RFQ structure
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1. Atomic Beam Source with Surface Ion Reppeler - Gas cell

2. Gas filled RFQ Trap Section for Bunching and Cooling

3. Mass Separator 4. Laser System




The RFQ-Trap: Design & Realization

Gas Inlet

Length: 106 mm  Distance to RILIS: 2 mm
Repeller Diameter: 70 mm  Entrance & Exit: 6 mm
He-Gas Pressure: ~102 mbar  Field radius: 12 mm Radio Frequency: 1 MHz



The Gas Filled Linear RFQ- Trap
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SIMION 7.0: simulation of the potential distribution



Voltage / V

Experimental Time Structures
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Pulsed & Cooled Beams from LIST
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LASer techniques for Exotic nuclei Research (LASER)

* Most milestones on track
» Associated partners: ORNL Oak Ridge, TRIUMF Canada, Gatchina Russia

 April 2007, Joint workshop LASER — TRAPSPEC: Finland

* management of the radioactive inventory

’\ - selectivity, efficiency, time structure
Radioactive Ion Beam fac\ili’r} RI IIS - isomeric beams
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