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The SCORE project: 
finding Earth 2.0
Does life exist elsewhere in the Universe?

It’s a question that has probably entered the mind 
of every human being on the planet: a question so 
important to us that, over the ages, philosophers 
have tried to give reasonable answers in the absence 
of any possible scientific validation. However, with 
the discovery nearly three decades ago of the first 
planets orbiting other stars than the Sun, the hope 
that humans will one day have an answer to this 
fundamental question is becoming a reality.

The search for life elsewhere in the Universe 
is one of today’s most significant challenges in 
astrophysics. The community has traced the 
roadmap to reach this goal (European Space 
Agency, 2010; NASA, 2010; National Academies 
of Sciences, Engineering, and Medicine, 2018), the 
goals of which are to:

• find Earth-like planets orbiting in the habitable
zone (HZ) of nearby stars (closer than 50 light-
years), the HZ being the sweet spot in terms
of distance to the host star where liquid water
could exist on the planetary surface

• measure the atmosphere of these planets from
space by directly analysing the light they reflect

• look for chemical imbalances among potential
atmospheric signatures of life (biosignatures).

NASA and ESA are already planning space missions 
such as HabEx (NASA, 2019a) and LUVOIR (NASA, 

2019b) that should be able to reach the second 
and third goals listed. However, the first point 
must still be addressed.

When detecting Earth-like planets orbiting in 
the HZ of Sun-like stars, only the transit and 
microlensing techniques are sensitive enough 
to resolve the tiny signature induced by those 
worlds. The first method requires the detection 
of the planet passing between us and its host 
star while orbiting around it. The second method 
requires that a planetary system, drifting in 
space, passes in front of a background star from 
our point of view on Earth. Both events are 
extremely rare and thus have nearly zero chance 
of happening for the approximately 1 000 to 2 000 
stars located closer than 50 light-years from 
the Sun. This limit of 50 light-years is required 
to measure and characterise the atmosphere of 
those planets in the search for atmospheric life 
signatures (the second and third goals listed 
previously). This limit comes from two facts:

• the closer you are to two objects nearly touching 
(the star and the planet), the easier it becomes
to resolve each component individually (the
reflected light from the planet)

• the closer you are to a torch light (the reflected
light from the planet), the more light you
capture, and in astrophysics, more light means
better characterisation.
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Considering that the transit and 
microlensing techniques won’t be able 
to find HZ Earth-like planets orbiting 
around stars closer than 50 light-
years, we must rely on other detection 
techniques. The most promising one is 
the radial-velocity (RV) method. This 
technique measures the velocity of stars 
and detects planets by the tiny variation 
in velocity they induce on their host star 
due to gravitational interaction.

Limitations to the detection 
of Earth-like planets using 
the RV method

Although the current generation of 
instruments used to measure the RV 
of stars can reach the precision of a 
dozen centimetres per second, which 
corresponds to the effect Earth induces 
on the Sun, perturbing systematics limit 
the precision of current observations 

to the metre-per-second level. Those 
perturbing effects are known to come 
from the instruments we are using, from 
the stars we are observing and from 
the effect of the Earth’s atmosphere 
on the stellar light that we measure. 
We, therefore, need to get a better 
understanding of these different types 
of perturbing signals to model them 
properly and mitigate their impact if 
we want to find HZ Earth-like planets 
orbiting the closest stars to our Sun. This 
is precisely the goal of the ERC-funded 
SCORE project.

The SCORE project, a pathfinder to the 
detection of HZ Earth-like planets using 
the RV technique
Getting a better understanding of 
the different perturbing signals in RV 
measurements requires exquisite data 
to separate the effect of each signal 
individually. The SCORE project relies on 
the unique data obtained by two solar 

telescopes connected to some of the best 
radial-velocity instruments (Dumusque et 
al., 2021), which observe the Sun every 
possible day. The obtained data can be 
seen in Figure 1, where a comparison 
between the ‘noise’ seen in those 
measurements and the tiny signal Earth 
induces on our Sun directly illustrates the 
challenging problem of detecting other 
Earths using the RV technique. 

For our goal, observing the Sun presents 
many advantages over observing stars.

• The Sun is a typical star on which we
are looking for planets; therefore, any
mitigation techniques working for the
Sun should also work for other stars.

• The Sun is observed during the day,
thus not competing with night-
time observations. This allows us to
observe our star continuously and
get unprecedented data in terms of
quality and precision.
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Figure 1: Radial velocity of the Sun as measured by the solar telescopes 
feeding the HARPS and HARPS-N instruments located in La Silla, Chile and 
La Palma, Spain, respectively. Those measurements, taken nearly every day 
with an exquisite precision, corresponds to the best data available today to 
study all the different perturbations affecting the radial-velocity method. As 
we can see, those observations present a ‘noise’ that is 50 times larger than 
the radial-velocity signal Earth induces on our Sun. The SCORE project aims 
at understanding better those different perturbations and finding mitigation 
techniques that will enable the detection of other Earths in the near future.
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• All the planets in the Solar System are
known (at least to a precision of one
centimetre-per-second). Therefore,
we can study the different perturbing
signals without being affected by
unresolved tiny planetary signals.

• The Sun can be resolved to very-
high precision using satellites, and
information about inhomogeneities
on the solar surface, local velocities,
and magnetic fields can help us
understand the origin of the different
perturbing stellar signals.

Now that we have those exquisite 
solar data, the SCORE project can start 
investigating several data-driven and 
physically-driven paths to solve the 
complex problem of perturbing signals 
in RV. 

To understand those different paths, 
we need first to describe how stellar 
RVs are measured. The spectrum of 
solar-type stars presents thousands of 
absorption lines due to the presence of 
many chemical species in the outermost 
layers of stars from where the light we 
measure is emitted. If the star moves 
towards or away from us, the Doppler-
Fizeau physical effect will induce all the 
spectral lines to shift towards blue or red 
wavelengths, respectively. Measuring 
the shift of those spectral lines with time 
gives us the RV of the star and indirectly 

the presence of a planet if this RV varies 
periodically.

From the preceding description, we 
conclude that the presence of a planet 
will affect all the spectral lines in the 
same way, which is not the case for the 
different perturbing signals. In addition, 
RV measurements taken at a telescope 
(on Earth) will have an RV with respect 
to a star we are observing as Earth will 
move towards or away from it along 
its revolution around the Sun. The 
corresponding RV variation will have 
a period of a year and an amplitude of 
dozens of kilometres per second. This 
implies that the stellar spectra of a 
given star will be significantly blue and 
redshifted over a year, which will not be 
the case for either absorption spectral 
lines formed in Earth’s atmosphere or 
instrumental signals that do not move 
in the rest-frame of the Earth. Those 
two effects can be used to separate 
planetary from perturbing signals using 
data-driven approaches to look for 
differential effects between spectral 
lines (Cretignier, Dumusque and Pepe, 
2021; Cretignier et al., 2022).

On the physically-driven side, we can 
understand the physics behind the 
different perturbing signals induced by 
the stars we are observing. Rotating 
sunspots on the solar surface create 

a perturbing signal because the lower 
emitted flux from spots breaks the 
symmetry of the rotating sun. As 
the contrast of spots changes with 
wavelength, the RV signal induced by 
spots in the visible is much larger than 
the one in the near-infrared. In addition, 
spots suppress the convection locally 
at the stellar surface. As the velocity of 
convection changes with height in the 
solar atmosphere, spectral lines formed 
at different heights will be affected 
differently by the presence of spots 
(Dumusque, Boisse and Santos, 2014; 
Cretignier et al., 2020).

Here, we only describe a few paths 
explored within the SCORE project, 
but our goal is to investigate all 
major perturbing contributions to RV 
measurements and find techniques to 
mitigate their impact.

Conclusion and perspective

The RV technique is the only method 
currently capable of finding HZ Earth-like 
planets orbiting nearby stars. However, 
due to different perturbations coming 
from the instruments we are using, the 
stars we are observing, and the effect 
of the Earth’s atmosphere, finding such 
planets is not yet possible.

The goal of the SCORE project, thanks 
to exquisite solar data, is to understand 
better the major noise contributions in RV 
measurements and develop mitigation 
techniques based on data-driven or 
physically-driven approaches. This is the 
only path viable today to detect those 
other Earths in the near future.

If successful, the SCORE project will 
deliver techniques, tools and strategies 
to significantly increase the sensitivity 
of RV measurements, ultimately paving 
the way to the detection of other Earths. 
Future space missions will then measure 
their reflected light and characterise their 
atmosphere in the search for signatures 
of life elsewhere in the Universe.

77

References
Cretignier, M., Dumusque, X. and Pepe, F. (2021) ‘YARARA : Significant Improvement in RV 
Precision Through Post-Processing of Spectral Time Series’, Astronomy and Astrophysics, 653, A43. 
doi: 10.1051/0004-6361/202140986.
Cretignier, M., Dumusque, X., Allart, R., Pepe, F. and Lovis, C. (2020) ‘Measuring Precise Radial 
Velocities on Individual Spectral Lines’, Astronomy and Astrophysics, 633, A76. doi: 10.1051/0004-
6361/201936548.
Cretignier, M., Dumusque, X., Hara, N. and Pepe, F. (2022) ‘Stellar Activity Correction Using PCA 
Decomposition of Shells’, Astronomy and Astrophysics, 659, A68. doi: 10.1051/0004-6361/202142435.
Dumusque, X., Boisse, I. and Santos, N.C. (2014) ‘SOAP 2.0: A Tool To Estimate the Photometric and 
Radial Velocity Variations Induced by Stellar Spots and Plages’, The Astrophysics Journal, 796, 132. 
doi: 10.1088/0004-637X/796/2/132.
Dumusque, X., Cretignier, M., Sosnowska, D., Buchschacher,  N., Lovis,  C., Phillips,  D.F., Pepe, F., 
Alesina, F., Buchhave, L.A., Burnier, J., Cecconi, M., Cegla, H.M., Cloutier, R., Collier Cameron,  A., 
Cosentino,  R., Ghedina,  A., González,  M., Haywood, R.D., Latham, D.W., Lodi, M., López-Morales,  
M., Maldonado,  J., Malavolta,  L., Micela,  G., Molinari,  E., Mortier,  A., Pérez Ventura,  H., Pinamonti,  
M., Poretti,  E., Rice,  K., Riverol,  L., Riverol,  C., San Juan,  J., Ségransan,  D., Sozzetti,  A.,  Thompson, 
S.J., Udry,  S. and Wilson, T.G. (2021) ‘Three Years of HARPS-N High-Resolution Spectroscopy and
Precise Radial-Velocity Data for the Sun’, Astronomy and Astrophysics, 648, A103. doi: 10.1051/0004-
6361/202039350.
European Space Agency (2010) New Roadmap To Guide ESA in Search For Exoplanets. Available at: 
NASA (2010) Astro2010: The Astronomy and Astrophysics Decadal Survey. Available at: https://science.
nasa.gov/astrophysics/special-events/astro2010-astronomy-and-astrophysics-decadal-survey. 
NASA (2019a) Habitable Exoplanet Observatory Final Report. Available at: https://www.jpl.nasa.gov/
habex/documents/
NASA (2019b) LUVOIR Final Report. Available at:  https://asd.gsfc.nasa.gov/luvoir/reports/
National Academies of Sciences, Engineering, and Medicine (2018) Exoplanet Science Strategy. 
Washington, DC: The National Academies Press. doi: 10.17226/25187.
National Research Council (2010) New Worlds, New Horizons in Astronomy and Astrophysics. Washington, 
DC: The National Academies Press. Available at: http://www.nap.edu/catalog.php?record_id=12951.

PROJECT NAME
THE SCORE PROJECT: 
FINDING EARTH 2.0

PROJECT SUMMARY
The goal of the SCORE project is to 
enable the detection of other Earths 
orbiting bright, close-by Sun-like stars 
for which future ground and space-based 
missions will be able to characterise their 
atmosphere in the search for signatures 
of life elsewhere in the Universe.

PROJECT PARTNERS
The SCORE project is based at the 
Astronomy Department of the University 
of Geneva, which is part of the National 
Centre for Competence in Research 
“PlanetS”, funded by the Swiss National 
Science Foundation and regrouping 
the expertise from the Universities of 
Geneva, Bern, Zurich and the Swiss 
Federal Polytechnic School (ETH) Zurich 
on all research related to exoplanets.

PROJECT LEAD PROFILE
Born in Switzerland, Dr Xavier Dumusque 
received his PhD from the University 
of Geneva in collaboration with the 
University of Porto. He then moved to 
the Harvard-Smithsonian Center for 
Astrophysics for a three-year postdoc 
before obtaining a grant from the 
Branco-Weiss Fellowship, which allowed 
him to come back to Geneva. He then 
was awarded an ERC Starting Grant in 
2019 and started an Assistant Professor 
position at the University of Geneva in 
January 2020.

PROJECT CONTACT
Prof. Xavier Dumusque
Astronomy Department of the 
University of Geneva, 51 Chemin de 
Pegasi, 1290 Sauverny, Switzerland

+41 22 379 24 06
Xavier.dumusque@unige.ch

FUNDING
This project has received funding from the 
European Research Council (ERC) under the 
European Union’s Horizon 2020 research and 
innovation programme under grant agreement 
No. 851555.


