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Further Reading on Hyperfine Structure and 21cm Astronomy

A more thorough treatment of Hyperstructure and Effects due to the nucleus
for hydrogen atom can be found in

B.H. Bransden & C.J. Joachain, Physics of atoms and molecules

[first-order perturbation theory works]

21cm Astronomy/Cosmology

Links to more information on FAST

FAST (Five-hundred-meter Aperture Spherical radio Telescope) in China (& /M|
1) finished installation in 2016. It is the most powerful radio telescope (it
started to see pulsars).

For information on the design and the scientific goals, see FAST official website
http://fast.bao.ac.cn/. The following picture of FAST was taken from their site.



http://fast.bao.ac.cn/

In September 2016, FAST was completed. Science (the magazine) carried a featured
article introducing the new concepts in the telescope’s design. See the article entitled
“The Biggest Ear” at http://science.sciencemag.org/content/353/6307/1488 (accessible
via CUHK sites).



http://science.sciencemag.org/content/353/6307/1488

For a professional discussion on what 21cm physics can do for 21* century
cosmology, read the review article

J.R. Pritchard and A. Loeb, 21 ¢cm cosmology in the 21°" century, Reports on
Progress in Physics 75 (2012) 086901

http://iopscience.iop.org/article/10.1088/0034-4885/75/8/086901/pdf (from CUHK sites)



http://iopscience.iop.org/article/10.1088/0034-4885/75/8/086901/pdf
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Two fundamental questions remain active research topics
How big is the proton?

See the article in Science (Oct 2017) entitled “The Proton Size Revisited”
http://science.sciencemag.org/content/358/6359/39

[Experiments (all very accurate) gave different values]
How did proton get its spin?

See the article (March 2017) at https://phys.org/news/2017-03-proton.html

There are quarks and gluons (binding the quarks) inside the proton. Quarks are
spin-half particles as well. How could the constituents account for the
observed proton’s magnetic dipole moment? It is still an active research
qguestion. See Alexandrou et al. “Nucleon spin and momentum decomposition
using lattice QCD simulations”, Phys. Rev. Lett. 119, 142002 (2017). The article
was discussed in a softer introduction at https://phys.org/news/2017-10-proton-

puzzle.html

The point is: Not to take seemingly obvious questions for granted!


http://science.sciencemag.org/content/358/6359/39
https://phys.org/news/2017-03-proton.html
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