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Testing Fine Structure Constant in the Sky 

Image: Michael Murphy, Swinburne University of Technology, Melbourne, Australia 

𝛼 ≡  
𝑒2

ħ 𝑐
~

1

137
  

Webb et al. 2011 

∆𝜶

𝜶
≡
𝜶 − 𝜶𝟎
𝜶

 

UVES/VLT and KECK-HIRES archival data 



How to Measure α? 

Arifitial spectra based on a real system: 
𝒛~𝟐 artificial cloud for an ∆𝜶 𝜶 = 𝟏𝟎−𝟔 
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Fe II 1608 Å Fe II 1611 Å 

∆λ = −1.8 × 10−4 Å 

∆λ = +1.6 × 10−4 Å 

King (PhD thesis) 2011 

• blue shifters 
• redshifters 
• anchors 



 
 

Echelle SPectrograph for Rocky Exoplanet- and 
Stable Spectroscopic Observations 

80% Rocky Planets, 10% Varying 
Constants, 10% to be decided: 

ToO + Exquisite Science 

 

Pepe  et al., 2013, The Mensenger 153, 6 

High resolution and stability 
(Laser Frequency Comb) 

~27 nights to test 
variation of constants 



GTO Target List and  ESPRESSO’s  Modes 
GTO – Garanteed Time of Observation  

Photon vs Instrumental Noise  

1 Hour Exposure 
 Limiting M= 17.4 

Leite et. al.  2016, Phys. Rev. D 94, 123512 

𝜎∆𝛼/𝛼 = 0.6 × 10
−6 (per target) 



Constrains on Cosmological Models 

ζfid = 0 

The scalar field that responsible for dark energy leads to a varying α 

Dinamic Dark Energy 
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Phy. Lett. B, 770, 93: C. S. Alves, T. A. Silva, C. J. A. P. Martins, A. C. O. Leite, 2017 

ESP. Baseline   𝜎∆𝛼/𝛼 = 0.6 × 10
−6 

ESP. Ideal   𝜎∆𝛼/𝛼 = 0.2 × 10
−6 

ELT-HIRES  𝜎∆𝛼/𝛼 = 1.0 × 10
−7 



Conclusion 

• ESPRESSO is comming soon - enabling higher resolution and stability observations 

• It will be able to control the known systematics identified on these measurements – 
Probe or disprove the Dipole 

• The target list for ESPRESSO GTO can constrain cosmological models  

• Competitive constrains on Eötvös  parameter 

Thank you for your attention  


