Combining laser light with
synchrotron radiation

Part 6

Hyperfine structure

Examples of experiments combining
synchrotron radiation with lasers



Optical Pumping into an
Oriented Ground State
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Hyperfine structure

The electron angular momentum J couples to
the nuclear spin | to a total angular momentum F

Laser radiation easily resolves the hyperfine splitting

Not the L,m but the F, m_ eigenstates are pumped:
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Laser pumping of all Hyperfine States
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Detuning from the laser in MHz

Lorentzian linewidths of the atoms allow for pumping of all states



Potassium hyperfine structure
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Isotope Mass Abundance | Spin | Mag Moment
234 22.989787 100% 3/ 2 2.2175%
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304 39, 9535559 0.012% 4 -1.2598
14 40, 9618325 b, 7302% 3/ 2 +0.2148387
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133 ng 132.5054289 100% 752 +2.57%




Orientation in solid systems:
Ferromagnetism

In the ferromagnets Fe, Co, and Ni the magnetic
moments of the atoms are oriented.

Can be probed with
X-ray Magnetic Circular Dichroism (XMCD)
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X-ray absorption spectroscop
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XMCD Experimental Setup
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Orbital magnetic moment

Fermi energy

Right handed
polarized x-rays

Left handed
polarized x-rays

The difference between the
absorption of right and left
handed circular x-rays gives
information about the angular
magnetism.
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Spin magnetic moment

The weighted difference
of the hyperfine signals

gives the spin magnetic
moment.
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XMCD-Overview
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Linear Dichroism in Photoemission

A magnetic field would disturb the electron emission!

Lasers can be used for orienting the atoms

Linear Magnetic Dichroism in the Angular Distribution
(LMDAD)
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Setup in Hamburg

Linear Polarised
Synchrotron Radiation
HASYLAB BW3
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Circular Polarised

466 nm for Eu Laser Light
429 nm for Cr
372 nm for Fe
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CW Dye Laser for
Optical Pumping



Symmetry Considerations

Circular light orients the atoms

Photoemission by linearly polarized synchrotron radiation

Linear polarized light can be split into two
circular components.

— In absorption of total yield the CMD cancels out.

An effect is only seen in the angular distribution:



Angular Distribution of Photoelectrons
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Modification by Linear Magnetic Dichroism
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Orientation
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Cr 3p Dichroism Patterns
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Two Photon experiments
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Laser Tailored
Nickel like Copper
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Intensity [counts]

Changings in the
PE-Spectrum

1
_f_ E:: ::: Resonant I I Cu3d!
Cu 3d ! satellites | t%
hvy = 71.9 eV — { |
1 |
: i
i 1 N
4 I
ikt D]
7% 82 cl5

26 24 22 20 18 16 14 12 10 8 B
Binding energy [eV]



