


Outline of talk

» A nuclear fingerprint in the atomic spectrum
» Collinear laser spectroscopy & extensions
» Commissioning of the new IGISOL-4 facility
> In-source and in-jet resonance ionization

> Laser developments and a look to the future
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Probing the deformation of nuclei @
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Laser spectroscopy of radioisotopes - status @

_ Fr (TRIUMF — collinear)
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Workhorse: Collinear Laser Spectroscopy (CLS)

CW tunable laser beam (~1mW)
Mass Separator .
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Optical manipulation in the RFQ

e J=0—J=1 gives u, Q, 5<r>> but not |
e Access to more accessible/efficient transitions
 New elements to study (eg. Nb, Mn at JYFL)
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B. Cheal et al., Phys. Rev. Lett. 102 (2009) 222501
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AHEAD OF ITS TIMI
FOR 150YEARS

Multiple pulsed lasers
(resonantly ionize 1* — 27)

A . ,‘ .‘._ "'. LT !
Accumulate / i 5 Vel i

y Currently planned for
=] 2014 at JYFL:
. Proposal B. Cheal

] \ / !

= ‘Ef 1+ ions 2+ ions

5 (kicked away) (of single A,Z)
Release— RN / /

Cooler axis

Time of flight analysis

e Ultra pure beam of single A and Z

e No contaminant will have m/q selected by magnet
and m/(2q) selected by TOF (or other device)
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High frequency intensity modulation on bunched
atom beams

FOR 150YEARS
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PRL 111, 122501
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Talk by A. Voss (JYFL/TRIUMF) @ 15:30
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The new IGISOL-4
facility

from K=130 MeV'
cyclotron ¢ ©

Off-line ion sources:
(discharge, carbon cluster...)

Laser transport
for optical
manipulation/

|
—— -
Collinean

& spectros

LOpy

Fast extraction (~1 ms)
e Chemically non-selective
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https://www.jyu.fi/fysiikka/en/research/accelerator/igisol

laser
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Commissioning of the collinear beam line (2013) @

Laser spectroscopy of neutron rich Mo fission fragments
(102-106108\0) F.C. Charlwood et al., Phys. Lett. B 674 (2009) 23
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| e Fission yields 2-3% higher than IG-3
e 107Mo measured for the first time
. . * Further optimisation planned
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energy

Resonant laser ionization (spectroscopy) @

non-resonant excitation of ionization of
4 ionization auto-ionizing states Rydberg-states
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Dual-chamber gas cell (Leuven/JYFL)
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Separation of stopping and laser
ionization volume improves:

e Laser ionization efficiency at
high cyclotron beam current

223Ra (t,,,=11.4 d)

'\ a-recoil source . : ..
Exit hole Increasing selectivity

efficiencies : :
@05 -1mm (collection of non-neutral ions)

SPIG
Yu. Kudryavtsev et al., NIM B 267 (2009) 2908

M. Reponen, I.D. Moore et al., NIMB (2013), doi:10.1016/j.nimb.2013.05.061
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RIS in-source vs. collinear laser spectroscopy @

IN-SOURCE (RIS) COLLINEAR (FAST BEAMS)
Selective process High resolution
Low lifetimes, low yields (<1 ion/s) Scanning voltage, not frequency
High detection efficiency Limited by detection method
Poor resolution (100-1000x < CLS) Beams of some 103 ions/s
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Gas jet laser ionization - a tool for the future

e a quest for PURE radioactive ion beams
— (the Laser lon Source ""Trap™)
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I.D. Moore et al., AIP Conf. Proc. 831 (2006) 511

e an optimal environment for spectroscopy
(reduced temperature and pressure)
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I.D. Moore et al., NIMB (2013), doi:10.1016/j.nimb.2013.06.036
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Collinear resonance ionization spectroscopy
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Talk by K. Flanagan (Manchester) @ 16:25
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Development of narrow-band pulsed Ti:sapphire @
lasers
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Output to experiment

I . . <20 MHz, 3W @10kHz
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S
[
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| photodiode
PD si:]gnal I Ti:sa crystal : amplifier Mode-
e e e e e e e e e = - matching
J telescope
single mode fiber
1-150 mW

\J\/V\/ 7

e Similar developments at RIKEN/Nagoya and TRIUMF

~60 kHz linewidth
zlinewidt  RESIST Joint Research Activity for ENSAR 2
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Applications: high resolution spectroscopy

Spectroscopy of 2>°Th
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Looking tfowards the future

Towards Superheavy
Elements

4

A variety of techniques are used
to probe the regions of interest

/=82
: w Further away
IIIIII i NZ126 from stability
/=50
/=40 ‘
N=82 New & future facilities
Z=28— st S Refractory Elements
7 L NLso around Shell Closures |+ Becola (MSU)
4 SEEHEEE ) e TRIGASPEC (Mainz)
== O °
Ch}usters and Halos HELIOS@53, GANIL
= e LaSpec at FAIR
N=20
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