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The 6 W's

Why, What, hoW, Where, Who, When 



Why ?



SCIENCE WITH EUROPEAN SOLAR TELESCOPE

http://www.est-east.eu/



a, A contextual EUV 171 Å image of the entire Sun on 10 
December 2011 at 16:10 UT, where a solid white box highlights a 
150 × 150 Mm2 subfield surrounding NOAA 11366. 

b, A zoom-in to the subfield outlined in a, with a further 50 ×
50 Mm2 subfield highlighted using dashed white lines to show 
the pointing and size of the ground-based field of view. 

c, Co-spatial images, stacked from the solar surface (bottom) 
through to the outer corona (top). From bottom to top the 
images consist of snapshots of the photospheric magnetic field 
strength normal to the solar surface (Bz; artificially saturated at 
±1,000 G to aid clarity), the inclination angles of the 
photospheric magnetic field with respect to the normal to the 
solar surface (0° and 180° represent magnetic field vectors 
aligned downwards and upwards, respectively, to the solar 
surface), ROSA 4,170 Å continuum intensity, ROSA Ca II K lower 
chromospheric intensity, HARDcam Hα upper chromospheric
intensity, coronal AIA 171 Å intensity, emission measure (on a 
log-scale in units of cm−5 K−1) and kinetic temperature (shown 
on a log-scale artificially saturated between log(Te) = 5.8 and 
log(Te) = 6.4 to assist visualization). White crosses mark the 
location of the umbral barycentre and are interconnected as a 
function of atmospheric height using a dashed white line.

Credits: Jess+ Nature Physics 12, 179 (2016)



Why a 4-m telescope?



When we observe a star at the

fundamental scales of physical

processes occurring on the surface,

the domain of astrophysics
expands.

We enter the domain of Physics of
complex systems, of turbulent
convection, of magneto hydro-
dynamics, of fast and strongly non-
linear processes in plasma.



Mean free paths and scale heights

Photons, emerging from an optically thick atmosphere, arise mostly 
from regions centered around optical depth τ = 1 (last scattering 
surface). 

Landi Degl’Innocenti (2013) demonstrated the curious property that, 
in stratified layers when the opacity is proportional to pressure, the 
photons emerge from a region with an intrinsic thickness 
of ≈ 1 pressure scale height (H).

The photosphere and low chromosphere comprise a partially ionized 
stratified layer with T ≈ 6000 K, and a pressure scale height (H)

Now, the MFP of a photon where τ = 1 must be   (thickness of the 
region emitting most observed photons).

MFP   = 2H / (m+1)

The photon MFP is of the same order as the pressure and density 
scale height in the photosphere (m = 1) and lower chromosphere 
(m = 0). Adapted from Judge et al., Sol Phys, 2015

Photon MFP at 500nm versus geometrical 
height for different model atmospheres: 
quiet sun (solid line), plage (dots) or large 
spot (dashes).

Adapted from Sobotka, 2001

30-60 km  0.04-0.08 arcsec
 ~ 3.5m Telescope



Imaging spectropolarimetry and plasma dynamics

The measurement of the solar magnetic field (possibly B vector) is a 
key aspect for the study of MHD dynamics of solar plasma.

Spectropolarimetry is a powerful tool for measuring these fields. 

Question: Does building a bigger telescope provide you with more 
photons? Answer: Yes and No

YES - A larger telescope collects more photons, and these are 
presented to the focal plane of the telescope. 

NO - The Sun is an extended source of light: it fills the image plane 
of a telescope. The photon flux from the Sun per diffraction 
resolution limit θ is independent of aperture diameter D.

New large telescopes will often operate well away from their 
diffraction limits to gather enough photons for high-precision 
polarimetry.

Adapted from B. W. Lites - Solar Polarization Measurements: Instruments and Techniques 
https://www2.hao.ucar.edu/sites/default/files/csac/files/instrumentation_spectropolHAO2018_2.pdf

Assuming a typical sound speed (cs) = 7 km s-1

and a scale of 30 km in the photosphere it takes 
about 4 seconds for the information to travel 
into the observed plasma element by setting a 
limit on the spectral sampling rate and 
integration times.

 dynamical   dyn = L/cs

L = 30 km



When planning the measurement of a “signal”, 
whether it's time-series intensity or velocity data, 
spectral images, or other types, for space- or 
ground-based instruments, the Nyquist-Shannon 
sampling theorem is a fundamental 
consideration. 

Factors such as the field of view, sampling rate, or 
available telemetry bandwidth, directly impact 
our ability to correctly measure these “signals”. 

For example. if the sampling rate falls below the 
Nyquist rate, aliasing occurs, where high-
frequency components of the signal are 
misrepresented as lower frequencies within the 
sampled data, leading to distortions and 
erroneous interpretations.



The quiet Sun is the area of the 
solar surface outside of active 
regions. Dominated by granular 
convection, it appears to be dull 
and uninteresting. However, 
observations with high sensitivity 
have demonstrated that the quiet 
Sun harbors ubiquitous magnetic 
fields. 

These fields are extremely 

weak, but may contain most of 
the magnetic energy of the 
solar surface, outweighing 

sunspots and active regions by far. 
Unfortunately, we do not know 
much about their properties and 
evolution due to the lack of 
sensitive measurements at high 
spatial resolution.
Credit: M. Gosic, M. Cheung, L. Bellot Rubio



What ?



The European Solar Telescope (EST) is a 
next generation large-aperture on-axis 
solar telescope with a 4.2-m primary 
mirror and a suite of instruments for  
multi-wavelength (multi-layer) imaging, 
spectroscopy and spectropolarimetry. 

EST will specialise in high spatial and 
temporal resolution, using several 
instruments simultaneously to 

efficiently produce 2D spectral 
information (3D in the solar 
atmosphere). 
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EST  VIDEO

Credits: Hector Socas-Navarro - Director, European Solar Telescope Foundation
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OVERVIEW

M1

M2

Completely retractable enclosure

Alt – azimuthal structure

Azimuth platform

Elevation structure

Azimuth axis

Elevation axis

M6

M3

M4

M5

Coudé Room

1. Fabry-Perot based Tunable Image Spectropolarimeter

coupled to fixed band imagers (TIS/FBIs).

2. Grating based spectrographs based on different

Integral Field technologies: Microlens-Arrays (IFS-M) and

Image Slicers (IFS-S).

Credits: Hector Socas-Navarro - Director, European Solar Telescope Foundation
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IR

VIS

COUDÉ LIGHT DISTRIBUTION (CLD)

Credits: Hector Socas-Navarro - Director, European Solar Telescope Foundation



Credits: Luis Bellot Rubio



Credits: Luis Bellot Rubio
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Credits: Luis Bellot Rubio



Credits: Luis Bellot Rubio
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Credits: Luis Bellot Rubio



hoW ?



• M1 thermal control (EST)
• Heat rejecter (EST, GREST)
• AO and MCAO & DM2 (EST, SOLARNET, 

GREST, SOLARNET2)
• Broad Band Imager (EST)
• Narrow Band Tunable Imager (EST, 

SOLARNET2)
• Large Etalons and digital control (EST, GREST)
• Detectors (EST)
• Telescope Control and Data Handling (EST, 

SOLARNET)
• VSO (SOLARNET)
• Polarization induced by DM (GREST)

Contribution of the Italian Community: Technology

35 Italian researchers from

• 8 INAF Institutes: Observatory of Arcetri, 
Catania, Naples, Palermo, Rome, Trieste, IAPS, 
TNG-FGG

• 6 Universities: Calabria, Catania, Florence, 
L’Aquila, Palermo, Rome Tor Vergata

• CNR-INO

• 3 medium-sized Companies: S.R.S. Engineering 
Design, A.D.S. International, B.D.P. Engineering 
-Opto Service

Yellow shows the projects financed under FP7 and H2020



Contribution of the Italian Community: Technology



The Heat Rejecter (HR) is a vital system of 

EST and a challenge for the engineers. 

From an optical point of view it is the Field 
Stop of the telescope. But from a thermal point 

of view it must perform two tasks: reflect the 

heat in F1 (to reduce the thermal load in 

the optical path), have a temperature 
close to the environment one in order 

not to produce convective plumes that would 
affect the optical quality.

The energy concentrated in the focal plane can 
reach up to 5 MW m-2, a density similar to the 
one in the core of a nuclear reactor. 

An Italian team designed a HR based on 

Multiple Jet Impingement (heat tr. Coeff. 

25-40 kW/m2 oC) technology, similar to the one 
used in cooling system adopted in nuclear fusion 
reactor divertors.



Where ?
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SITE: ORM

Observatorio del Roque de Los Muchachos

La Palma, Canary Islands, Spain



Who ?



EST Scientific partners

EST became an ESFRI Strategic European Infrastructure in 
March 2016

EAST

European Association for 
Solar Telescopes
Bringing together  research groups from 18 
European countries

Italy: INAF, UNICAL, UNICT, UNITOV



EST FUNDACIÓN CANARIA 

1. Astronomický Ústav AV ČR, V. V. I. (Czech Republic)
2. Astronomický ústav Slovenskej Akadémie vied (Slovakia)
3. Agencia Estatal Consejo Superior de Investigaciones Científicas -

Instituto de Astrofísica de Andalucía (Spain)
4. Instituto de Astrofísica de Canarias (Spain)
5. Leibniz Institute für Sonnenphysik KIS (Germany)
6. Max Planck Institute for Solar System Research (Germany)
7. Stockholms Universitet (Sweden)
8. Università della Svizzera italiana - Istituto Ricerche Solari Aldo e

Cele Daccò (Switzerland)
9. University of Sheffield (UK), representing the United Kingdom

Universities Consortium (Aberystwyth, Durham, Exeter, Glasgow,
Sheffield and Queen's University Belfast).

July 25, 2023 

9 institutions from 7 European countries  signed the deed of the Foundation

Legal Figure for the Interim Phase

10. University of Graz (Austria)

December 21, 2023 





Meritevolezza scientifica Joint Research Unit (JRU) EST-IT from  MUR and Letter from FC EST





When ?



TIMELINE - STATUS

CONCEPTUAL 
DESIGN

• PROJECT OFFICE

• CONCEPTUAL DESIGN
CONSOLIDATION

• PRELIMINARY
DESIGN

• DETAIL DESIGN
SPECIFICATIONS

(ESFRI)
2016

DETAIL DESIGN AND 
CONSTRUCTION

GETTING READY FOR CONSTRUCTION

PDR

ERIC APPLICATION



Thank you for your kind attention


