¢
I

JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA

Laser polarization of Mg

International MORA workshop May 2nd to 5th 2022




M Laser spectroscopy: measurements of atomic structure
to infer nuclear structure

« Hyperfine interaction: interaction between nuclear moments and
bound electrons
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*  Model-independent extraction of:

serts [a=28:] eqv;

provided the atomic parameters are known (e.g. knowing mass
and field shift is required)

« Electromagnetic moments teach us about nuclear configurations,
sizes and shapes

* Good tests of nuclear theory




% Lasers at IGISOL
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% Lasers at IGISOL

Single-mode Dye/Solid state continuous
wave laser system:

Matisse titanium-sapphire and dye laser to
cover ~550 - 1000 nm and higher harmonics

Bandwidth < 1 MHz
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% Titanium:sapphire laser

* Lasing medium: OC
- optically active Ti3*, <1% weight
- in host solid sapphire, Al,O4 OM1 Birefringent
~ Gain bandwidth >100 THz (400 nm)
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% Polarization of light

* Property applying to transverse waves

— Linear or elliptical polarization

e Circular a special case

* Can be manipulated with waveplates
(optical retarders)

— Material with birefringence


https://commons.wikimedia.org/wiki/File:Waveplate.png

% Laser polarization of Mg

* Hyperfine levels F=1+J have magnetic 3°Py), k=1
35669.310 cm*

m, -1 0 +1

substates mg g >

~ Circularly polarized light: change of mg L1 J';Z

- +1 (-1) for o+(c") D1@ 280.3531 nm ©
F=1 or

- Spontaneous decay: Amg = 0,+/-1 225

Optical pumping schemes to polarize Mg (I 0 cmt 1/42<7
-2 -1 0 +1 +2

= 3/2+) ions are well established. 5
* L1 and L2 are circularly-polarized laser F
radiation, shifted by 1460 MHz. AF =0, +1: Am. = 0, +1 (spontaneous
« Both F=1 and F=2 ground state HF emission)
levels can be accessed with BB laser. Pumping to stretched (F=2, m; = £2)state
leads to maximal nuclear polarisation

o' AF=0,+1; Am = +1
o: AF=0,+1; Amg=-1




% MORA laser polarization setup at IGISOL

* Shares laser infrastructure with RAPTOR.
- 25W, 10 kHz Nd:YAG pump laser
- Single standard Ti:sapphire amplifier
- Harmonic generation stage
* Optimized atm. For 280 nm range
* Mg, Sn, Cu, Pd... first steps
— Laser path for MORA and for RAPTOR

e Lasers from FURIOS can be transported
to the bench.

* Used recently for Mg for MORA and RIS of Cu
in Raptor

- E.g. About 100 mW for Mg pumping.




[’ MORA laser polarization setup at IGISOL

* MORA viewport
° lris
* Quarter-wave plate

| —-+ Polarizing cube

* Half-wave plate




% Changing of circular polarization handedness

* Birefringence of crystals can modify the
polarization of light

- Half-wave plate changea left-hand circularly
polarized light into right-hand circularly
polarized light.

* Wavelength dependence
* Other options:
— Normal reflection from a mirror <
* Changes direction
— Double Fresnel rhomb

* QOptical beam displacement
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