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A new era begins
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In memoria of Didier Laforgue

A Didier Laforgue passed away on June 20th 20205, after 23 years working at THEMIS as a
system-instrument research engineer, and as a very appreciated observation operator.
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Very well-maintained but,
be at that it may,
a 20t century instrument !

THEMIS @ OT in June 2025

A
A

Main French solar telescope

designed by J. Rayrole, P. Mein & M. Semel
A Located at Teide Observatory, Tenerife, Spain
A 1st light in March 1996, & commissioned in 99

1m-class solar telescope, with one the world

nslowesto optical design:
A Aperture: 92 cm
A Effective focal length: 57m
A Effective focal ratio: f/62

Ideal for high resolution spectropolarimetry:
A Ultra-high spectral resolving power:
R ~ 200 000 to 300 000
A Simultaneous obs. of user-defined set of up
to 6 spectral lines: 6-7 A range, 4 mA/pixel

Spectrum range: 400-1100 nm
2x20square field-of-view
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"B ATHEMIS has been widely renewed and redesigned
mﬂsm' A Thanks to EU collaborative funding: ~IMG f 2 ®ObARNET programs
Assembly A Successful renovation thanks to several French teams

A M2 mirror re-aluminising (William Hershel Telescope & THEMIS teams)
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ATHEMIS has been widely renewed and redesigned
: ”m A Thanks to EU collaborative funding: ~IMG f 2 ®ObARNET programs
Assembly A Successful renovation thanks to several French teams

Newport steerable FSM 300

A M2 mirror re-aluminising (WHT & THEMIS teams)

_\ A Themis Adaptive Optics:fic |l as si c-BM)o (
micss  adaptive optics based on innovative wavefront sensing
Rely  and mirror commanding concepts (AIRI@CRAL & THEMIS)
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F2 optical focus:
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(nol shown here)
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nTotal makeovera 2016 A 2020

ATHEMIS has been widely renewed and redesigned
A Thanks to EU collaborative funding: ~IMG f 2 SOhARNET programs
A Successful renovation thanks to several French teams

A M2 mirror re-aluminising (WHT & THEMIS teams)

A Themis Adaptive Optics: ftlassicalo(single-DM) adaptive optics based on

Innovative wavefront sensing and mirror commanding concepts
(AIRI@CRAL & THEMIS teams)

A Superimposed dual-beam polarimetric analysis without field limitation
(Semel M., Lopez A., Le Men C. & THEMIS) “yI
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ATHEMIS has been widely renewed and redesigned
A Thanks to EU collaborative funding: ~IMG f 2 SOhARNET programs
A Successful renovation thanks to several French teams

A M2 mirror re-aluminising (WHT & THEMIS teams)

A Themis Adaptive Optics: ftlassicalo(single-DM) adaptive optics based on

Innovative wavefront sensing and mirror commanding concepts
> (AIRI@CRAL & THEMIS teams)

A Superimposed dual-beam polarimetric analysis without field I|m|tat|on
(Semel M., Lopez A., Le Men C. & THEMIS) Il

AfiPol ar i-fzraite mail yo c omp

of the whole transfer optics (M3, M4 & M5)
(Le Men, C. & THEMIS)

A New de-rotator system (THEMIS)

A + New context, broadband and spectral
cameras.
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& context images
ABroadBand images (BBI)
AMain science product: MTR2 spectrograph spectral images
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Andor0 : 19334821 (visu 150.0 Hz2 / cam 150.0 Hz)

A Specifications B ST AT
A 76 sub-aperture Shack-Hartmann wavefront sensor (10x 10); ' 7
A 380x 380 pixel WFS images, Mikrotron EoSens 4CXP detector;
A THEMIS-optical-path-compatible 16 mm deformable mirror
A 97 actuator on deformable mirror (11x 11), from ALPAO
A Real time correction (RTC)

A Computer: CPU i7-4790K (Q2d.4) at 4.2 GHz, 4 cores, up to 50
Gflops/core with AVX2 + FMA instructions.

o
()

200

A Objectives
An Closed AO loop on the Sun
A started from scratch mid-2016 A operative in December 2020
An RTC software running in CPU @1250 Hz (no GPU)
A flexible RTC software to implement and experiment new algorithms

A Next objective: unsupervised AO system (optimal correction
whatever the conditions) o T —

Thiebaut, E., Tallon, M. et al, SPIE proceedings 2022
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TAO going live on NOAA 12975

A Successive recordings in equivalent seeing conditions
A55606 square fiemsl, 26 xma2tel 9. 08063 /px) on Broc




THEMIS at diffraction limit: NOAA 12975

THEMIS Broadband Imaging (BBI)

A NOAA 12975 on 2022/03/31

A Observed @ 630nm ; 1nm broadband red filter
A 55550 FOV

A 100 BBI acquisition @ 40 images/s

A Knox-Thompson image post processing

A C 0.176 esolution (0.0350/pixel) near THEMIS
theoretical diffraction limit of 0.150
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THEMIS at diffraction limit: NOAA 13354 |

v »

A NOAA 13354 on 2023/06/28 ; good seeing A Several 550x550 FOV acquisition by BBl camera in

A 1500«500 composite FOV burst mode (40 images/s) + image restoration from
A 0.176 @@solution (0.0350/pixel) near diffraction limit residual seeing C Routine operation with pipeline !

& Observed @ 630nm with 1nm broadband red filter A Images stitched together with Hugin software






THEMIS composite
Broadband Image (BBI) +
Knox Thompson reconstruction
of active region NOAA 14114 on
June 16th 2025 at 9:08-9:22 UT

~2500x1400 comp
Average seeing conditions
Spatial resolu
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TAO ON + Knox-Thompson
reconstruction (100 frames)
* granulation contrast: 9.6 %

* seeing “daytime bad” : rg= 3-4 cm * seeing “daytime bad” : ry= 3-4 cm
* granulation contrast: 1.6 % * granulation contrast: 4.2 %

A TAO permits significant gain:

A in effective seeing: e.g. Fried's coherence length from
~7cm (medium seeing) to ~ 25cm at TAO focus &
~17cm on rest of FOV

A in granulation contrast
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A Themis is one of the best-suited telescope
for ground based observation of Mercury.

A Work in daytime A extended period of
observation of Mercury

A Handle the low contrast of hermian emission
relatively to the diffuse sky emission.

A TAO successfully running for Mercury
observations since 2021

A Hardware and software identical to solar obs.
A Requires slowing down AO from 1kHz to 150Hz 2.%'?”" SO R R A R SR AR A TR

1.5F

A Sub-arcsecond mapping of Mercury sodium
exospheric emission

A Study hourly dynamics of Na emission
distribution in regards of space weather acting on

Mercury

1.0

T UXiS ISy
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0.0F

-0.5C

6
X axis (R.)
Image Courtesy: Mangano, Leblanc
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TAOQ for spectroscopy - - S

A Main strength and raison-d@&tre of THEMIS is
spectropolarimetry!

A Requires scans of the region of interest by the
spectrograph slit:

A Scan duration of a 900domain
- with 0.30steps &
- 0.1 s spectral camera acquisition time
A 3 min without polarimetry
A 25 min with  polarimetry

A Spectroscopic measurement requires that
TAO must hold and stabilize wavefront
over FOV during extended periods of time.
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TAO for spectroscopy

A Spectroscopic
measurement requires
that TAO must hold  «} i | B
and stabilize :
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TAOQO for spectroscopy: good seeing conditions
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Broadband Image (red continuum) MTR2 spectrograph

+ image reconstruction reconstructed intensity maps



TAO for spectroscopy: good seeing conditions - ‘

2025-06-05 09:08:16 (6562.80A)

A TAO stabilization can hold over seff

A 2-3 Ha reconstructed imageg
+ image stitching

A 2025 Observations

campaign

of B. Schmiedef
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TAOQO for spectro-polarimetry

ATAO can also give good results on long spectropolarimetric scans

ATHEMIS goals : B maps with spatial resolution better than 0.50 arcsec
A3 times better than before
Aequivalent to HINODE results
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Full-Stokes analyzer (An4) located at the F1 prime focus,
delivering dual-beam polarimetry with beam exchange.
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their linear polarization state. ADSBSO




A Thanks to THEMIS fpolarization friendlyonew optical path (geometry of the elevation axis,
field rotator, coatings), polarizer output can travel through the telescope and reach the
spectrograph cameras fiminimally perturbedo

A Just in front of each of the spectral cameras, a Wollaston prism splitter separates the
superimposed beam into complementary Stokes components to form the spectral focal plane.

&

N

//,

<

An4 output

Wollaston prism

F2 field limitation Separated +S,-S:

2x(1',1)
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THEMIS Mueller matrix@~600nm

THEMIS telescope polarimetric calibration (rotator offset not optimized)

A THEMIS Mueller matrix:

angle (d}

1

8
8 8
19 ! E 3

F1 plate

o ¢ O ¢
o & oo &

8

A Averaged over one full day
A Includes changing elevation axis and field derotation
A Quite constant along one day

ATHEMIS remains a strongly
polarization-calibration-free telescope,
Ideal for excellent spectropolarimetric
measurements.




Stokes parameters |.| ® 2@

i DPP

A Complete polarization signal is now routinely outputted
| Q/l A 4D data array of 4 Stokes parameter (x, y, | , S).
A User-friendly software in development.

A THEMIS is on the verge of producing vector B maps

In Fe | Line In continuum
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NOAA 14100 ; 29/05/2025 10:30-10:50 UT ) _
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