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Scientists demand!
.8 Co-temporal multi-diagnostic __
| spectropolarimetric
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Why large solar
telescopes?

You can’t have everything.
Life at the diffraction limit is hard.
You are always photon starved.

e |ight-gathering area ~ D2 O

e Diffraction-limited resolution element area. ~ D2

e Exposure time to freeze solar scene ~ D-




SST: not so good seeing .,
AO & tip-tilt turned off

The solar scene at sub-
arcsecond resolution is
changing in seconds.

| ’_l Dl . °,
Seeing changes fast.

van Noort & Rouppe van derVoort 2005
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Swedish 1-m Solar Telescope

SST 17
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Swedish 1-m Solar Telescope

« Scharmer et al. 2003 i Gl
» first light in 2002 i Schupmann
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SST

| Instrumentation
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spectrometry |
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Imaging
spectropolarlmetry
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5. !/ ' grating spectrograph
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He 10830 3D spectropolarimetry
Not commissioned!
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CRISP = CRisp Imaging
SPectropolarimeter

2008
Double Fabry-Pérot interferometer (Scharmer 2005)

Works as a narrow filter that tunes very fast.

Full Stokes polarimetry './ Vi wideband ,.Q
CRISP
5200 A - 8600 A l' (Y
- nartp wb nd ' \//'
R ~80000 IS s
Prefilters: Mg I b 5173, He Ds 58786, ) 0 "
Fe | 6173, Fe | 6302, Ha 6563, 1) Wa/

Ca ll 8542, and some older ones

. . pol. modulator
including Na D 5896

From telescope

New larger detectors in August 2022



SST/CRISP @6302A
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- CRISP2 FOV: ~2.5’ square




miles de km sobre el Sol
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CHROMIS =

CHROMaspheric Imaging Spectrometer

CHROMIS
narrowband
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2016

Double Fabry-Pérot interferometer
(similar to CRISP)

No polarimetry

3800-5000 A

Prefilters: Ca ll H & K cores+wings+continuum,
H-3
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Image restoration

object

observed unknown unknown Unkngwl? zut
Multi-Object Multi-Frame Blind Deconvolution
MOMFBD

Estimate object and PSF simultaneously using
exposures with different PSFs of the same object
and
exposures of different objects with the same PSF.
Also Phase Diversity: focus and out of focus image pairs
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Height of formation for spectral lines

Computed in a 3D BIFROST simulation

In the solar photosphere and chromosphere

T=20 kK

plasma =1
grayscale: He | 10830
Mg Il k3

CallK3

Ca ll 8542
Fe | 6301

x [Mm]

20 Leenaarts

Typical observing programmes combine a number of these lines.
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Multi-line diagnhostics + inversion code — physical parameters

Cont

X [arcsec]

Call Kwing Call Kcore

402402

X [arcsec] x [arcsec]

4 0

Fel
6301/6302

I=1 (pho)

2 4 0

X [arcsec]

Call
8542

|B| (Chr)

X [arcsec]

Mg Il k core

2 4
X [arcsec]

Mg Il k

e o (Observed
—  best-fit

0 1 1 1 1

-
|

»

I
T T T

Intensity [n"W m~—2 Hz~" sr
N

w
o
T I L B I |

N
o
_l T I T 11T

2793

i SST/
CHROMIS

2795 2796 2797 2798
CallK

2794

| 3934 |
Fe 1 6301/6302

SST/ &
CRISP

l M l

Temperature [KK]

6302 O 6302 5
Wavelength [A]

\/

|0910 T500

de la Cruz Rodriguez



Pietrow et al. 2020
Chromospheric
magnetic fields in

plage
p=0.8
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Pietrow et al. 2020
Chromospheric
magnetic fields in

plage
p=0.8
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40

30

y [arcsec]

darks & flats & polcal
MOMFBD

Fourier filtering fringe removal
Neural network noise reduction
Binning in space and time

PCA fringe removal

I/l X' [deg]

Many tricks with STiC inversion code
(de la Cruz et al. 2016, 2019)

Signal inside green contours!
B = 400G
Worked for one data set only...
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SST and you

e The Institute for Solar Physics is supported by the

Swedish Research Council as an infrastructure of national
Interest.

* Observational project? Contact us now!

e Data? You can browse the Stockholm SST Archive.




Stockholm SST Archive

https://dubshen.astro.su.se/sst_archive/
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Seeing

Fried parameter ro [cm]

Typical scale of turbulence-caused wavefront 1
deformations |
Higher values = good seeing
Can be interpreted as diameteg = 5
of telescope that can reach ™ |
the diffraction limit. o

SST: not so good seeing
AO & tip-tilt turned off



SST seeing curves produced by AO @550 nm.

SST seeing 2016-07-02

SO Mo - - 1 - 1 7 7
Green curve shows ro measured by Sunlight
. = Mo
AO WFS: low-alt seeing. | 8x8 subfield rg
Black curve shows ro measured in 3 min average —— | ©
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The example shows evening seeing: good low-altitude

but not so good high-altitude (differential) seeing.



SST seeing 2018-04-25
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3 mi 8x8 subfield
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ro (cm)

SST seeing 2017-07-10

A rather good day! .
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SST daily
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LEST (2.5 m; cancelled
1998; La Palma)

SST (0.97 m, GREGOR (1..5 m;
2002; La pa|ma) 2014; Tenerlfe)

EST - envisioned
2006, on ESFRI list
since March 2017.

DKIST (4 m; 2019;
. Haleakala, Maui, Hawaii)




European Solar Telescope
Optical design: Gregorian
Heat rejector

e M1:4.2m
e M2: 0.8 m, adaptive
e M3-M6: adaptive

Minimise number of mirrors.«
Relay optics: lenses.

Instrumentation suite fory
cospatial and
cotemporal diagnostics
680-1100 nm:

2 I[FU’s, 1 Tunable filter
380-680 nm:

2 I[FU’s, 2 Tunable filters
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Canarian Foundation

interim phase (2 years)

EST-CF
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ERIC
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Thank you

P

SST still going strong after 20 years. S

Focus moved upwards: photosphere - chromosphere
New instrumentation being developed.
=1

The seeing is everything.




