
physics 492, Spring 2017Friday FeatureTM, M. Gold

Is the fine structure constant constant? 

• constant in time?
• constant in space?

these are primarily cosmological questions 
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where “a” is expansion factor

red shift measures cosmic expansion/cosmic time

age of universe (t=0): 13.799±0.021 Gy 

zCMB = 1091 at tCMB = 380,000 y

furthest back we can see is CMB
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arXiv:1008.3907

EEvidence for spatial variation of the fine structure constant
Authors: J. K. Webb, J. A. King, M. T. Murphy, V. V. Flambaum, R. F. Carswell, M. B. Bainbridge

23 Aug 2010

We previously reported observations of quasar spectra from the Keck telescope 
suggesting a smaller value of the fine structure constant, alpha, at high redshift. A new 
sample of 153 measurements from the ESO Very Large Telescope (VLT), probing a 
different direction in the universe, also depends on redshift, but in the opposite sense, 
that is, alpha appears on average to be larger in the past. The combined dataset is well 
represented by a spatial dipole, significant at the 4.1 sigma level, in the direction right 
ascension 17.3 +/- 0.6 hours, declination -61 +/- 9 degrees. A detailed analysis for 
systematics, using observations duplicated at both telescopes, reveals none which are 
likely to emulate this result.

Spatial Variation Quasar absorption lines

http://lanl.arxiv.org/abs/1008.3907
http://lanl.arxiv.org/find/astro-ph/1/au:+Webb_J/0/1/0/all/0/1
http://lanl.arxiv.org/find/astro-ph/1/au:+King_J/0/1/0/all/0/1
http://lanl.arxiv.org/find/astro-ph/1/au:+Murphy_M/0/1/0/all/0/1
http://lanl.arxiv.org/find/astro-ph/1/au:+Flambaum_V/0/1/0/all/0/1
http://lanl.arxiv.org/find/astro-ph/1/au:+Carswell_R/0/1/0/all/0/1
http://lanl.arxiv.org/find/astro-ph/1/au:+Bainbridge_M/0/1/0/all/0/1
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FΘ from best-fit dipole, ∆α/α= AcosΘ + m, A = (0.97 ± 0.21) × 10−5 and m = 
(−0.18 ± 0.08) × 10−5. Dashed lines illustrate ±1σ errors on the dipole fit. The 
best-fit dipole is at right ascension 17.3 ± 0.6 hours, declination −61 ± 9 
degrees and is statistically preferred over a monopole model at the 4.1σ level.
∆α/α for the combined Keck and VLT data vs angle

https://arxiv.org/pdf/1202.4758v1.pdfFeb. 2012

https://arxiv.org/pdf/1202.4758v1.pdf
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All-sky plot showing the independent Keck (green) and VLT (blue) best-fit dipoles, and the combined 
sample (red), in equatorial co-ordinates. Approximate 1σ confidence contours are from the covariance 
matrix. A bootstrap anal- ysis gives the chance-probability of getting the observed (or better) alignment 
between the independent Keck and VLT dipoles is only 4%. The cosmic microwave background dipole 
and antipole are illustrated for comparison.

The grey shaded area represents the Galactic plane with the Galactic centre indicated as a bulge. 
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March, 2016

https://arxiv.org/pdf/1603.04498v1.pdf

https://arxiv.org/pdf/1603.04498v1.pdf
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also, see analysis of x-ray cluster.  further (weak) 
evidence
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arXiv:1002.4777v1 Feb 25, 2010
The analysis is done by measuring the position of the fine structure lines of the 
[OIII] doublet (λλ4959 and λλ5008) in QSO nebular emission. 

Red-shift Variation

Quasar 
emission lines

http://lanl.arxiv.org/abs/1002.4777v1
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Δα/α=(+2.4 ± 2.5) 10-5

consistent with zero
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Mon. Not. R. Astron. Soc. 000, 1–14 (2014) Printed 12 October 2015 (MN LaTEX style file v2.2)

A new analysis of fine-structure constant measurements and modeling errors from quasar absorption lines
Michael. R. Wilczynska,1∗ John K. Webb,1† Julian A. King,1

Michael T. Murphy,2 Matthew B. Bainbridge,1 and Victor V. Flambaum,1 1School of Physics, University of New South Wales, Sydney, NSW 2052, Australia 
2Centre for Astrophysics and Supercomputing, Swinburne University of Technology, Victoria 3122, Australia

updated analysis October 2015

https://arxiv.org/pdf/1510.02536v2.pdf

Quasar absorption lines

https://arxiv.org/pdf/1510.02536v2.pdf
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2 ppm, order of magnitude better constraint
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arXiv: 1601.02950 January 2016

https://arxiv.org/pdf/1601.02950v1.pdf

https://arxiv.org/pdf/1601.02950v1.pdf
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all previous data 
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more recent, higher precision data 
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Data used to constrain models of dark energy,
theoretically responsible for accelerated expansion

of universe as measured by type 1A supernova red shift


