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THEMIS Factsheet

• 1m-class solar telescope, with one the world 

“slowest” optical design:
• Aperture: 92 cm ; 

• Effective focal length: 57m

• Effective focal ratio: f/62

• 60”x60” to 120”’x120” square field-of-view

• MulTi Ray spectrograph (MTR2): ideal for 

high-spectral resolution 

spectropolarimetry:
• Working spectral range: 4000 - 11000 Å

• Polarization calibration free

• Ultra-high spectral resolving power:

• R ~ 200 000 - 300 000

• Simultaneous observations of user-

defined set of up to 6 spectral ranges:

• ~6-7 Å spectral range

• ~25 mÅ spectral resolution

Main French solar telescope 
• Designed by J. Rayrole, P. Mein & M. Semel

• Located at Teide Observatory, Tenerife, Spain

• 1st light in March 1996, & commissioned in 1999

THEMIS @ OT in June 2025
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• THEMIS has been widely renewed and redesigned
• Thanks to EU funding: ~1M€ from 2 SOLARNET programs

“Total makeover” : 2016 → 2021

• M2 mirror re-aluminising (WHT & THEMIS team)

• Themis Adaptive Optics: “classical” single-DM 
adaptive optics based on innovative wavefront
sensing and mirror commanding concepts 
(AIRI@CRAL & THEMIS teams)

• Superimposed dual-beam polarimetric 
analysis without field limitation (M. Semel, A. Lopez 
, C. Le Men C. & THEMIS team)

• “Polarization- friendly” complete redesign of 
the whole transfer optics (M3, M4 & M5)      
(C. Le Men & THEMIS team)

• New de-rotator system (THEMIS team)

• + new context, broadband and spectral 
cameras.
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TAO Off

THEMIS Adaptive Optics (TAO): results on granulation

• TAO permits significant quantitative image quality gain:

• in effective seeing: Fried's coherence length from r0~7cm (ave. seeing)

• ~25cm at TAO focus 

• ~17cm on rest of FOV, away from isoplanatic patch   

• in granulation contrast: from ~1-2% (bad seeing)

• to ~10% (with image reconstruction)

TAO on
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THEMIS at diffraction limit: NOAA 12975
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THEMIS Broadband Imaging (BBI)

• NOAA 12975 on 2022/03/31 observed @ ~630nm with  
1nm broadband red filter 

• 100 BBI acquisition @ 40 frames/s with a 55”x55” FOV

• Knox-Thompson (speckle) image post processing

• ➔ 0.17’’ resolution (0.035”/pixel) near THEMIS 
theoretical diffraction limit of 0.15”

• ~125 km resolution on the Sun photosphere



Mercury observations

• Study hourly dynamics of 
hermian Na D emission 
distribution due to space 
weather (e.g. Leblanc et al. 08; 
Mangano et al. 13; Orsini 24)

• Varying SW particles 
penetrating exosphere and 
flowing to the hermian surface 
inducing Na emission 
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• THEMIS one of the best-suited telescope for Mercury
• Work in daytime → extended observation period

• Handle low contrast of hermian emission % to the diffuse sky 

• THEMIS FOV & resolution suited for Mercury (Mercury disk: ~6‘’)

• TAO successfully running for Mercury observations
• Hardware and software identical to solar obs.

• Requires slowing down AO from 1kHz to 150Hz

• ➔ Sub-arcsecond mapping of Sodium hermian
exospheric emission

Image courtesy of 

V. Mangano (INAF)

Mercury 
reflected 
solar light

Sky diffused 
solar light 

Solar Na D 
absorb. line 

Mangano et al. 2013

05/05/2025

White light broadband imaging



THEMIS polarization analysis
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• New “polarization friendly” AO-compatible optical path: 

THEMIS remains a strongly polarization-calibration-free 

telescope, ideal for excellent spectropolarimetry

• THEMIS Mueller matrix:
• Averaged over one full day

• Includes changing elevation axis 

and field derotation

• Quite constant along one day

ContinuumFe I Line center
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Vector (Bx, By, Bz) magnetic field maps production

• New pipeline to produce vector B maps
• Spatial resolution < 0.5” ~400 km res. on the Sun (along scan dir.) 

• ~Hinode/SOT; ~x4 better than HMI/SDO 

• UNNOFIT magnetic inversion (Bommier et al. 07) 

• From observation to vector maps in ~1hr

NOAA 14443 ; 

22/05/2026 

9:42-10:10 UT
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Upcoming : IBIS 2.0 @ THEMIS 

IBIS : Interferometric BIdimensional Spectrometer
• spectro-imager 𝑥, 𝑦, 𝜆 ∶ dual Fabry-Perot & interference filters 

• 200 000 spectral resolution

• short exposure times / polarimetric mode

Between 2003 & 2019 IBIS was running at the Dunn solar tower

• ~100 papers based on IBIS over 15 years

Intensity, magnetic field strength, field inclination angle & l-o-s velocities on 2012 May 28

(14:00-14:30 UT): before (top) and after (bottom) penumbra formation. (Murabito et al. 16)
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https://www.ibis20.inaf.it

https://www.ibis20.inaf.it/


Upcoming : IBIS 2.0 @ THEMIS 

IBIS upgrade, IBIS 2.0 has been looking for a 
suitable host telescope since 2019.

IBIS 2.0 as guest instrument at THEMIS
• IBIS2.0 is an outstanding synergic complement of 

THEMIS long slit spectrograph

• TAO performance attractive for IBIS 

• THEMIS has no equivalent instrumental mode

• Foster and renew French-Italian scientific collaboration in 
high-resolution solar physics,  beneficial at large for EU 
solar physics (e.g. EST)

Installation schedule

• ➔ Memorandum of Understanding signed between INAF 
and CNRS in winter 2024-2025

• Nov. 25: preparatory installation of optical bench

• June-July 2026 : IBIS 2.0 installation & commissioning.
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THEMIS in the next few years

• THEMIS is presently a competitive telescope 
with unprecedented capacities

• THEMIS is a real challenger in the 1m class of solar tel..

• Installation of the IBIS 2.0 will trigger a larger EU interest.

• Growth of staff (PhD, Postdoc) thanks to key project: 
JET2SB (projet ANR-25-CE31-741)

• ➔ Cf. Posters: S. Diaz Castillo ;  J. Romero Castañeda
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European Solar Telescope

THEMIS IS not 

the future of research-oriented

ground-based solar physics 

the European Solar Telescope IS !   
Cf. talk about EST this Thursday
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Where will THEMIS be in 10 years ?

• THEMIS will eventually be outdated by >4m-class telescope such as DKIST (USA), the European 
Solar Telescope (in project), the Chinese Giant Solar Telescope (in project).

• THEMIS relevance as an observation-campaign oriented telescope will faint

• The exploitation of THEMIS in service mode, oriented toward space-weather, 
appears as the most relevant use for THEMIS beyond the 10 years horizon.

• THEMIS can provide unique type of datasets of interest for SW applications

• Research for SW is a strength of the French heliophysics community: 

• Since its commissioning, THEMIS has been running in obs. campaign mode
• Variability of scientific objectives and targets (granulation, quiet sun, coronal holes, filament, AR, …)

• Telescope set-up can strongly changes from campaign to campaign : advantage of THEMIS high versatility

• The THEMIS team is initiating such reflection toward the production of unique 
datasets of interest for SW : high-resolution vector magnetograms of eruptive 
regions (active regions, filaments, …)
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THANKS FOR YOUR ATTENTION

• New THEMIS website:
• Feedbacks welcomed

• New Instagram account
• Follow us @themis_solar

• Downloadable posters on 
THEMIS highlights https://www.themis.iac.es
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