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Major ground-based solar telescopes & projects

• European ground-based solar telescope 
landscape presently dominated by aging 
national facilities.

• Strategic risks :

• Lost of expertise in historic leadership in visible-
IR in high-resolution solar physics → impact on 
space  instrumentation developments in 
spectropolarimetry, driven by ground-based

• Reliance on non-EU high quality magnetic field 
measurements
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Facility Aperture 1st light Country

DST 0.8 m 1969 USA

VTT 0.7 m 1989 Germany

THEMIS 0.9 m 1996 France (form. Italy)

SST 1.0 m 2002 Sweden (& Norway)

GST 1.6 m 2008 USA

NVST 1.0 m 2010 China

GREGOR 1.5 m 2012 Germany

DKIST 4.0 m 2022 USA

CLST 1.8 m ? China

Facility Aperture Status Country

WeHoST 2.5 m Construction Chine

EST 4.2 m Project EU

NST 2.0 m Project India

GCST 8.0 m Project China



The European Solar Telescope (EST)

• EST is the unique European project of the 
next-generation telescope for solar physics 
in the 21st century 

• Site: RQM observatory @ La Palma, Canarias, ES

• 4.2-m aperture 

• State-of-the-art multi-conjugated adaptive optics

• Perform world-best multi-layer spectropolarimetry

• On-axis design & simultaneous observations in IR, 
blue-, & red-white-light spectral ranges 

• Seven innovative 1st-light instruments
• State of the art Fabry-Perot spectro-imagers

• Next-generation integral field units: 
• micro-lenses & optical fiber
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Noda et al. 22

Courtesy Socas-Navarro & EST foundation



Unique scientific opportunities offered by EST

• EST paper: Noda et al. 22

• Science Requirement Document (v3): 
Schliechenmaier et al. 25

• Highest-resolution solar physics

• Resolving structure at 0.02’’; 
~ 20km on the sun

• Highest-quality B field estimation

• World best spectropolarimetric
measurements

• Simultaneous multi-layer observations    
in low-solar atmosphere

• Suited to sudty energy transfers
throught the most complex layers of 
the solar atmosphere.

• Sustain space weather research
(this talk) 
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EST Timeline

• EST is in the list of the ESFRI 
(European Strategy Forum on 
Research Infrastructures)  
since 2016

• ESFRI review in 2026!

• EST listed as a high priority for 
ground-based observations by 
ASTRONET.

• Creation of EST ERIC 
(European Research 
Infrastructure Consortium) 
presently being discussed

• 3 committed nations: Spain, 
Slovakia and Czech Republic. 

• ~40% of budget
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EST & France

• French researchers from diverse 
laboratories (IRAP, LIRA, LPP, THEMIS, UNIDIA)
have continuously been associated with the 
developement of the EST project

• represented in the European Association for Solar 
Telescopes (EAST) since its creation 2006

• MSDP concept proposed as 1st light instrument 
(Malherbe et al. 2023)

• EST Conceptual Design 

• co-authors of EST main paper & EST SRD

• 2 EST-France workshops: 2010 & 2025

• Strong interest of several French high-tech 
industry (in optics): key expertise for EST construction

→ guarantee return to investment for France

• White paper, largely written by young French 
scientists, highlighting how EST will uniquely 
advance French research in solar physics 
and space weather. 
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EST science for French astrophysics community

• Solar Physics
• Observation & modelling of the granulation scales

• Magnetism of the Quiet-Sun

• High-fidelity measurements of electric currents

• Small-scale dynamics & heating of the chromophere

• The photosphere-corona connection

• Coronal rain and its relationship with coronal 
heating mechanisms

• Low atmospheric signature of coronal eruptive 
phenomena

• Modulation of the helium abundance in the wind

• Transfer of heavy ions into the solar corona & wind

• Adaptive optics
• Next generation wide-field low-contrast AO 

• Multi-conjugated AO
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Noraz et al 26

Froment et al 20
Poirier et al 25



EST science for French heliophysics community
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• EST for space weathers applications
Main cons:

• Observation limited to daylight and quality 
affected by seeing

• FOV very limited: 1’-2’: ~ 50-100 Mm on Sun

Main pro:

• High spatial res.: 0.02’’-0.03’’~20 km on Sun

• Ground-based instruments can reach 
unrivaled resolution, in particular in 
region prone to solar eruptions

• high-spectral & high-temporal resolution 
high-polarimetric sensitivity → high quality 
measurements.

Spatial resolution: ~1”

Spatial resolution: ~0.2”

• Constraints for solar wind modeling

• Monitoring of active nests

• High-resolution characterization of CME filaments

• Improving active region B reconstructions

• Anticipation of solar eruptions 

• Unique SW topic 
addressed by EST 

• Pariat et al. 2026

• See also presentation of 
B. Perri at the EST France 
2025 Workshop



Need to understand solar wind structure and heating 

in order to predict correctly the trajectory of transients

(Finley et al. 22)
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Magnetic transfers between the various solar layers affect 

the structure of the large-scale interplanetary 

magnetic field + heating that leads to the final speed

→ Need to couple small to large spatial scales in the 

solar atmosphere (with codes such as Wind Predict 

and Wind Predict-AW)

(Réville et al. 2015, 2020, Perri et al. 18)

EST and solar wind modelling

Slide courtesy of B. Perri

By providing high-resolution measurements of 

the photospheric magnetic field, especially at the 

borders of active structures, EST will help the 

French community to improve their previsions 

of solar connectivity.
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Track & monitor early emergence in active nests

• AR emergence is structure by the underlying 
solar dynamo

• Almost 50% of ARs appear close to another 
AR (Schrijver & Zwaan 2008), in magnetically active 
zones, called active nests, that can survive 
several solar rotations. 

• Finley et al. 25: 6 months tracking of an 
active nest that contributed up to 70% of 
the total solar flaring activity.

• Magnetic flux emergence starts at small scale 
and is difficult to capture with low-spatial 
resolution instrument 

• ➔ needs of long term monitoring of 
active region, at high resolution, in 
synergy with space observations

• EST can fill such observation needs
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(Finley et al. 25)



Active region « scars » as flux rope indicators

• Flux rope in active region are key pre-
eruptive magnetic structure

• Determining their presence has 
been very elusive so far

• Xing, Aulanier, et al. 24 : « Sunspot
scar», arc-shaped structure wedges into 
a sunspot, marks the edge of the pre-
eruptive flux rope footpoint

• Usually difficult to observe

• EST will possess the quality and 
precision to detect this strong       
pre-eruption indicators

• ➔ EST will improve early prevision of 
solar eruptions
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Improve coronal magnetic field reconstructions
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• EST will provide B maps of the highest quality

• Excellent polarimetric sensitivity

• High-spatial resolution

• Extensive sampling of spectral lines

• Synergic stereoscopic observation of EST & VIGIL 
will provide disambiguated Btrans

• SDM method (Valori et al. 22, 23)

• New generation of fast and efficient magnetic field 
inversion methods, relying on AI (e.g. Asensio Ramos 
et al. 25, Diaz Baso et al. 25)

• EST will enable:

➔ ground breaking improvements in 3D
reconstruction of the coronal B field  from 

2D photo. & chromo. magnetograms.

➔ High-fidelity representation of the magnetic
structure & energy content of active centers

➔ Improved modelling of solar eruptions 
(Zhao et al. 16) (Sieyra et al. 26)



Geo-effectivenessAnticipation Impact 

Conclusions 
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• Monitoring of ARs nests

& flux emergence

• High-resolution

monitoring of Ars

→ Identification of «scars », 

e.g. flux rope markers

• High-res. & high-quality B

field measurements

→ next generation coronal  

B reconstruction of 

eruption source regions

• High-resolution obs. &  B 

field measurements at 

filaments 

→ Bz of CMEs

• Studies of magnetic 

perturbations transferred 

between solar layers 

→ improve magnetic

connectivity modeling

• Next-generation

magnetic reconstruction

→ High-fidelity energy budget

of eruption source regions

• Studies of energy 

transfers from inner 

layers to the corona

Relevance of EST observations for space weather activities:

Slide adapted from B. Perri



Conclusion : your support matters!

• EST project at a crucial step: creation of an ERIC

• Unlike with ESO & ESA, no specific EU agencies to finance directly such project

• Funding is complex and results from states-by-states contribution 

• Call for support to a French participation to EST ! (cf. ATST newsletter) 
• Comments welcomed ; Not an engagement to personally use the data ; 

• Beneficial for whole heliophysics community 

• Support by co-signing the white paper: https://sdrive.cnrs.fr/s/g9qgFAESoiqXSeq
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! Your name here !

https://sdrive.cnrs.fr/s/g9qgFAESoiqXSeq

