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We summarize an exhaustive analysis 1 of current combined spectroscopic measurements of 
fundamental couplings, specifically the fine-structure constant a, the proton-to-electron mass 
ratio µ and the proton gyromagnetic ratio gp. We also discuss some of the implications 
of the currently available measurements for fundamental physics, specifically for unification 
scenarios. 

1 Introduction 

The stability of nature's fundamental couplings is among the most profound open issues in 
astrophysics and fundamental physics, and has been identified by ESA and ESO as one of the 
key drivers for the next generation of ground and space-based facilities. At a phenomenological 
level, fundamental couplings run with energy and in many extensions of the standard model, 
particularly in theories with additional space-time dimensions, they also roll in time and ramble 
in space. 

A detection of varying fundamental couplings will be revolutionary: it will prove that the 
Einstein Equivalence Principle is violated. However, improved null results are also important 
because they will tighten constraints on fundamental physics and cosmology. 

Any Grand-Unified model predicts a relation between the variation of a and those of µ and 
other couplings, and therefore simultaneous measurements of both provide key consistency tests. 
The basic formalism for these tests was developed in reference 2 and 3.2'3 • 

2 Phenomenological Models 

We shall work on the assumption that varying fundamental couplings are due to a dynamical, 
dilaton-type scalar field (see 4,5,5,7 and references therein) . We consider a class of grand unifica­
tion models where the weak scale is determined by dimensional transmutation and the relative 
variation of all the Yukawa couplings is the same. 

With these assumptions one finds that � = [0.8R - 0.3(1 + S)] �"' where R and S are 
phenomenological (model-dependent) parameters. 
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Figure 1 - Left panel: One-dimensional likelihoods for the relative variations of a, µ and gp from the radio band 
dataset. Right panel: Constraints on the R - S plane from the radio band dataset. 

3 Consistency analyses and Constraints on Unification Scenarios 

Different combinations of a, µ and gp can be measured in the radio band. A joint analysis of this 
dataset can be done to find the most likely values of each one 1 . The left panel of Figure 1 shows 
the one-dimensional likelihood contours for each of these parameters. At 68.33 confidence level 
we find Ll.a = -2. 7 ± 2.2 ppm, � = -1 .1 ± 1.8 ppm and Ll.gp = 3.5 ± 5.8 ppm. In doing this we 

a . µ � 
are neglecting a possible redshift dependence of the variations; more data would allow a more 
detailed analysis. 

By using the phenomenological parametrizations introduced in Section 2, it is possible to 
translate the available measurements into constraints on the R-S plane. As in previous analyses 
4,5 there is a degeneracy direction, i. e., these measurements constrain a particular combination 
of the parameters R and S. The right panel of Figure 1 shows the constraints in the R-S plane 
derived from the radio band set of measurements previously referred. At 68.33 confidence level 
we find R = 237 ± 86 and S = 630 ± 230. 

4 Conclusions 

We find no significant evidence for varying couplings. We also obtain constraints on the R - S 
parameter space. Both results stem from radio band measurements of combinations of funda­
mental couplings. 
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