Launched in 1977, both Voyager spacecraft carry a unique
'time capsule' along with them into interstellar space
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Overview

* Fine structure Hydrogen from P.T. reminder

* Hyperfine structure from P.T.

* Hyperfine structure of Hydrogen: 0 field

* Hyperfine structure parameters (many-electron, many-nucleon)
* Zeeman splitting: Weak- and Strong- field

* Hyperfine structure in atoms and molecules — nuclear structure

* Optional HW: line isotope shift




Fine structure splitting (J=S+L)
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Hyperfine structure splitting (F= I1+J)

Hydrogen hyperfine spectrum (0 field)
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The Hydrogen hyperfine structure 21 cm line
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[https://science.nasa.gov/mission/voyager/voyager-golden-record-overview/]



The Hydrogen hyperfine structure 21 cm line

*  90% of matter is Hydrogen

* 21 cmline lies in the radio spectrum and passes easily through
insterstellar dust and the Earth’s atmosphere

— stellar probe

Spiral Arms of the Milky Way

velocity (km/s)

temperature (K)

M.S. Yun, et al., “A New QObservational and Numerical Study
of Tidal Interactions in M81-M82-NGC3077 System,” in NASA
Ames Research Center, The evolution of galaxies and their envi-
ronment, p 253-254 (1993).

frequency (MHz)
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Hyperfine structure parameters
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Hyperfine structure parameters
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[https://doi.org/10.1103/PhysRevA.103.032826]



Zeeman effect: weak-field
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Zeeman effect: strong-field / the Paschen-Bach effect
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Zeeman effect: intermediate field...
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Molecules: more complex electronic structure ontop!
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[R. F G; Ruiz,..., A. RVernon ..., 2020 - https://www.nature.com/articles/s41586-020-2299-4]




Electronic structure «— hyperfine structure — nuclear structure
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[R. F G; Ruiz, A. R Vernon, 2020 - https://www.nature.com/articles/s41586-022-04818-7]
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