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• Nuclear Magnetic Resonance (NMR)
• Nuclear Quadrupole Resonance (NQR)

• Low-Temperature Nuclear Orientation (LTNO)
• NMR on Oriented Nuclei (NMR/ON)
• forward scattering of synchrotron radiation
• Mössbauer Spectrocopy (MS)
• Conversion Electron Mössbauer Spectrocopy (CEMS)
• Perturbed Angular Correlation spectroscopy (PAC)

• laser spectroscopy
• Electron Paramagnetic Resonance (EPR)

Classification of nuclear methods

I3

I1=1/2

I2=3/2

These 3 energy scales distinguish
3 different classes of experimental methods:
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Laser Spectroscopy

(read the abstract – we are going to try to understand
something about it)
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http://physics.nist.gov/PhysRefData/ASD/index.html

Laser Spectroscopy

A useful source of info on atomic levels and transitions:
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This is a real-life example of our cartoon :

(up to the fine structure, does not yet include
hyperfine structure !)

Atomic energies for La : bare values
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(out of our scale)

1.83 eV

Atomic energies for La : transitions
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Atomic energies for La : transitions
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We zoom in on one case :

Atomic energies for La : transitions
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Change the scale :
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Atomic energies for La : transitions
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Experimental picture :
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But we see many transitions here, not just one...?

Atomic energies for La : transitions
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2F This is 139La, and this nucleus has I=7/2

F = I+J, ... , |I-J|

For this transition: J=7/2, for lower and upper level.

Hence, F = 7, 6, 5, 4, 3, 2, 1, 0

Atomic energies for La : transitions
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Atomic energies for La : transitions
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Mind : the mF-degeneracy remains: no absolute 
orientation of nucleus+electrons. Only the value 
of F changes (orientation of nucleus with respect 
to electrons).

Atomic energies for La : transitions

2

2

2



www.hyperfinecourse.org

stefaan.cottenier@ugent.be 6

16

hyperfine structure
constant A (a.k.a. “a”,
see week 4)

nuclear electric quadrupole
coupling constant (NQCC) : eQVzz/h

Laser spectroscopy : results

By measuring these transitions, the hyperfine splitting (magnetic+electric)
in the lower and upper levels of the transition can be determined :


