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The next generation 4m telescopes. DKIST

We require an instrument with large aperture, 
not only to reach sufficient spatial resolution, 
but also to collect enough photons for accurate 
polarimetry. We also require the ability to 
observe the Sun at many wavelengths 
simultaneously, including in the near ultraviolet 
and in the infrared, to resolve the three-
dimensional structure of the solar atmosphere, 
and at high temporal resolution to resolve the 
highly dynamic nature of the atmosphere. With 
these requirements the DKIST will be the ideal 
tool for magnetic remote sensing.

From DKIST web page
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The next generation 4m telescopes. EST

With a 4.2-metre primary mirror, it will be 
optimised for studies of the magnetic 
coupling of the solar atmosphere. This will 
require diagnostics of the thermal, 
dynamic and magnetic properties of the 
plasma over many scale heights, by using 
multi-wavelength imaging, spectroscopy 
and spectropolarimetry. EST will specialise
in high spatial and temporal resolution, 
using several instruments simultaneously 
to efficiently produce 2D spectral 
information

From EST web page
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The goal of Space Weather Science
Space weather is the physical and
phenomenological state of natural space
environments. The associated discipline aims,
through observation, monitoring, analysis and
modelling, at understanding and predicting the
state of the sun, the interplanetary and planetary
environments, and the solar and non-solar driven
perturbations that affect them; and also at
forecasting and nowcasting the possible impacts
on biological and technological systems.’

COST Action 724 ('extract of the Final Report’), 2017
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http://www.senmes.es/pub/03COST724-Short.pdf


SWE typical proxies and impacts

Radio 
blackouts

• Physical measurement: GOES X-ray flux in the 0.1-0.8 nm range
• Effects: Problems in HF radio and Navigation from minutes to hours, …

Solar radiation 
Storms

• Physical measurement: Flux level of >= 10 MeV particles
• Effects: radiation hazards, single event upsets, spacecraft charging, …

Geomagnetic 
storms

• Physical measurement: Kp geomagnetic indices
• Effects: Auroras, Power blackouts, Navigation on HF communication

problems from hours to days, …

Flares

SPEs

Geomagnetic
disturbances
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(Anastasiadis+ 2019)

Timing of an 
‘academic’ SWE event

The geomagnetic disturbance is out of 
the time range of the Figure. It will 
take place between 1 to 3 days after 
the flare onset

Impulsive phase
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Space Weather 
Forecaster wish list

FLARES 

• To know the probability of a flare of magnitude “x”
• To know at what time a flare will happen
• To know where a flare will happen
• To know if a flare will be eruptive or confined
• To know which systems will be affected by the flare
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Magnetic reconnection: 
the central engine to produce a flare

(Shibata+ 2011)
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Solar X-ray flux versus radio flux 

(Flores-Soriano+ 2020) 9



CONFINED FLARE

Eruptive versus confined flares

ERUPTIVE FLARE

(adapted from Flores-Soriano+ 2020)10



CONFINED FLARE ERUPTIVE FLARE

Eruptive versus confined flares
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AR1219: 6 X-class and 29 M-class from 
October 18-29 (2014) -> all confined

(Chen+ 2015) 13



(Tschernitz+ 2018)

Reliable 
measurements of 
coronal magnetic 
field are essential 

to go ahead
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Impact on L-band air control radars
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Radar and GNSS are polarization sensitive 
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Space Weather 
Forecaster wish list

SPEs

• To know if a flare will produce a SPE, 
and in case of SPE:

• The magnitude and spectra of the SPE
• If a GLE will take place
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(Anastasiadis+ 2019)

An ‘academic’ SPE

(Adapted from Temmer 2021)
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But only a few times SPEs reach the ground
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M5.1 flare 

(Berrilli+ 2014)



Space Weather 
Forecaster wish list

Geomagnetic 
disturbances

• To know if a flare will be eruptive or confined
And in case of an eruptive flare, 
• To know the speed and direction of the CME
• To know the direction of the IMF 
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Solar disk precursors for eruptions (even 
without flares) need to be determined

21



Space Weather 
Forecaster wish list

Geomagnetic 
disturbances

• To know if a filament will erupt and when
And in case of filament eruption, 

• To know the speed and direction of the CME
• To know the direction of the IMF
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An ‘academic’ geomagnetic storm
Solar wind Dynamic 
pressure compress 
the day-side 
magnetosphere  

Southward IMF and large solar wind speed 
contribute to the entrance of solar wind energy 
to terrestrial magnetosphere by reconnection 

Key parameters in solar wind-
magnetosphere coupling: IMF and Solar
wind Speed (and may be density)
Will be possible to estimate them from
solar observations?
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CME properties and solar radio fluence at 1.4 GHz

( adapted from Flores-Soriano+ 2020)
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Large-scale coronal propagating fronts (EIT waves)

(Gallagher+ 2011)

(Nitta+ 2013)

“The speeds are not strongly correlated with the 
flare intensity or CME magnitude, nor do they 
show an association with type II bursts. We do not 
find a good correlation either between the speeds 
of LCPFs and CMEs in a subset of 86 LCPFs” 

(Nitta+ 2013) 25



Tracking magnetic field from the Sun to the solar wind

(Thalmann+ 2022) 26



Anemonae regions are a hazard for space 
weather and the best candidates for 
studying the interaction between closed 
and open magnetic field topologies 

(Sharma+ 2020)
(Cerrato+ 2011) 27



How next 
generation 4m 
telescopes 
can help in these 
tasks?
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29Carrington (1859)



Conclussions

• Many open questions in the Space Weather Science still remains
• Next generation 4m solar telescopes, optimised for studies of the 

magnetic coupling of the solar atmosphere, have an opportunity to 
help providing magnetic field observations of solar activity 
simultaneously in 2D in different solar layers by using multi-
wavelength imaging, spectroscopy and spectropolarimetry

• But for this purpose a “Priority Observation Programme” (POP) 
should be stablished modifying the observing schedules and 
implementing procedures for fast identification of the solar region of 
interest to be observed (Open Data policy in POP?)
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