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Varying fundamental 
constants may solve the 
H0 tension
Latest constraints from HARPS and ESPRESSO

Tensions in cosmology, Corfu, 9 Sep 2022

In collaboration with the ESPRESSO Working Group on Fundamental Physics, John Webb, Chung-Chi Lee and others.



Fundamental constants are those 
“whose value we cannot calculate with 
precision in terms of more fundamental 
constants, not just because the 
calculation is too complicated (…) but 
because we do not know of anything 
more fundamental.”

Steven Weinberg in “Overview of theoretical prospects for understanding 
the values of fundamental constants” RSPTA (1983) 310 249
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Dimensionless quantities are easier to measure 
in terrestrial and astronomical settings
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Varying constants and the H0 olympics
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Schöneberg et al. 2022



Varying constants: winners of the H0 olympics
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Schöneberg et al. 2022



Mg II

Spectra from grotrian.nsu.ru

Al II

Fe I

Fe II
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Observable: a pattern of velocity shifts 
between transitions

Courtesy of John Webb
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Observable: a pattern of velocity shifts 
between transitions



154 VLT/UVES + 141 Keck/HIRES observations show 
evidence for a dipole on the sky, 4.2𝝈 statistical

VLT Keck Combined

King et al. 2012

Webb et al. 2011

Two telescopes agree  
independently from each other,  

a good consistency test



1. Bright quasars:  
Sky surveys and dedicated searches (e.g. QUBRICS, Boutsia 2022)


2. High resolution spectroscopy:  
Echelle gratings


3. Accurate wavelength calibration: 
Laser Frequency Combs (Nobel prize for physics 2005)


4. Robust analysis methods: 
Artificial Intelligence Voigt Profile Fitting (AI-VPFIT, Lee et al. 2021)

Precision measurements require
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New!



AI-VPFIT 

• Genetic algorithms + Monte Carlo methods


• Information criterion as an objective criterion to choose the 
optimal model


• 100x increase in speed


• No human bias

Artificial intelligence methods quickly produce 
objective and reproducible models

Lee, Webb, Carswell, Milaković (2021) MNRAS 504 1787 
Lee, Webb, Milaković, Carswell (2021) MNRAS 507 27
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Murphy+22

HE0515

Other 
measurements 

with low systematic 
uncertainties

LFC

HARPS + AI-VPFIT

ESPRESSO + human

Murphy et al. 2022

HE 0515-4414: no evidence for variation but this is 
consistent with dipole predictions

Dinko Milaković                           Tensions in Cosmology, Corfu GR                              9 September 2022

Overall, no evidence for variation 
in any particular system



No evidence for time varying dark energy EoS
A scalar field would couple to the electromagnetic sector

<latexit sha1_base64="egLm1DsVkAMyMS4GlAMsMK04MzE="></latexit>
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+ for canonical fields 

- for phantom fields

DE equation of state

fractional DE density

Martins et al. 2022 (but see also de Fonseca et al. 2022)

EM coupling

Cosmology (SNIa)
Local measurements
Cosmology + Quasars I + Local
Cosmology + Quasars II + Local

Zero if DE does 
not couple to EM

Zero if no time evolution 
in DE EOS

Quasar measurements 
are important here
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• Fundamental constants are expected to vary in many extensions 
of SM and ΛCDM (Uzan 2011; Martins 2017, many talks here)


• Existing measurements provide some evidence for a 4𝝈 variation 
in 𝜶 but are dominated by instrumental systematics (King et al. 2012; 
Whitmore & Murphy 2016)


• Measurements where this systematic is not present see no 
variation (Milaković et al. 2021; Murphy et al. 2022)


• High-quality data from ESPRESSO@VLT is becoming available, 
new measurements using AI-VPFIT (Webb et al. 2022, Lee et al. 2022) are 
coming soon


• This project is one of the science drivers for the ELT and ANDES

Conclusions
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Do we need a model? 
Direct measurement of the expansion in real time
In FLRW metric, redshifts of distant objects change with time

t = t0

z = z0

� = �

�D I S TA N C E

�t

�z1 + z(tobs, tem) =
a(tobs)

a(tem)

dz|�
dtobs

= [1 + z|�(tobs)]H(tobs)�H(tem)

dz|�
dtobs

⇡
z|�(tobs +�tobs)� z|�(tobs)

�tobs

t = t1

z = z1

� = �

Dinko Milaković                           Tensions in Cosmology, Corfu GR                              9 September 2022

Similar to, but different from, cosmic chronometers (M. Moresco’s talk)
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z - drift in scale
invariant theory

Extremely difficult: line centre expected to shift by 0.01A on the detector in 10 years

10+ year project with the ELT and ANDES

Maeder, private communicationLiske et al. 2008
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Ongoing project to observe two bright quasars 
with ESPRESSO with a baseline of 1 year


