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Science with UV spectropolarimetry
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→ stellar magnetism, stellar formation and accretion, circumstellar environments, 
star-planet interactions, polarisation and grains of the interstellar medium, AGNs, 
planetary aurorae,... 
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 Arago, ESA M7 and M8 proposals, 1-m telescope, at L2, high-resolution (25000-
35000),  UV+Visible spectropolarimeter (119-888 nm) → rejected

 URIEL, ESA M8 proposal, 1-m telescope, at L2, low-resolution (1000), UV  
spectropolarimeter → rejected

 Polstar, NASA proposal, 40-cm telescope, in HEO, mid-resolution (20000), UV 
spectropolarimeter (115-220 nm) → MIDEX rejected, to be reproposed in SMEX, 
launch 2032 ?

 CASSTOR, CNES 16U nanosatellite, 12-cm telescope, in LEO, mid-resolution 
(12500), UV spectropolarimeter (131-290 nm), launch 2030 ?

Proposed or ongoing projects
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Pollux for HWO
Five FUV to NIR echelle spectrographs, each equipped with a dedicated polarimeter
Circular + linear polarisation (Stokes I,Q,U,V)
Observing modes:
● Point source simultaneous spectroscopy: FMUV to NIR (101-1888 nm)
● Point source spectropolarimetry: FUV (100-123 nm) and FMUV to NIR (120.5-1888 nm)
● Slit spectroscopy (FMUV and NUV)

→ design still evolving, help us define the best instrument by answering the science 
case call at https://forms.gle/uvRg8Md2wwxDCwf26

simultaneous

4NUVA, Oct 2025



Polarimeter

Modulator: changes the polarization by introducing a phase shift
+ Analyzer: selects one polarization direction

Analyzer

 

 

Modulator

→ the goal is to encode the polarization signal into light intensity that we can measure 
on a detector
→ we reconstruct QUV from several (≥4) measurements of I at different positions of 
the modulator
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For the NUV and MUV: polychromatic temporal modulation

Rotating modulator (at discrete positions) = stack of thin MgF2 plates
+ Analyzer = MgF2 Wollaston prism

→ since we cannot achromatize birefringent waveplates in the UV, we achromatize 
the efficiencies of polarization extraction

see e.g. Pertenaïs et al. 2017
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Efficiency of polarization extraction

← 57.7%

Polychromatic temporal modulation
→ we adjust the number of MgF2 waveplates, their thickness, their angle of fast axis, 
and the angles of the modulator to optimize the extraction efficiencies

118-200 nm

Le Gal et al.
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Polychromatic temporal modulation
→ we adjust the number of MgF2 waveplates, their thickness, their angle of fast axis, 
and the angles of the modulator to optimize the extraction efficiencies

119.5 nm
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Efficiency of polarization extraction

← 57.7%

118-200 nm

Le Gal et al.



Gaps: lower transmission and 
polarized fringes

Optical contact: fragile for 
birefringent material but 15% 
higher transmission
→ requires thermal control 
([-10 : 55] deg C; Le Gal et al. 
2020a)

Polychromatic temporal modulation

2 pairs of MgF2 plates

Modulator transmission for waveplates at optical contact or with gaps
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Polychromatic temporal modulation

First successful tests already performed in 
Pertenaïs 2016 and Le Gal et al. 2018

New test bench to quantify polarimetric 
precision
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For FUV: Temporal modulation using mirrors

Modulator Analyzer

𝜃m

 

𝜃m
 

𝜃a 

𝐼 𝑜𝑢𝑡 ,⊥ (𝜆 )

Rotating modulator (at discrete positions) = at least 3 mirrors
+ Analyzer = another mirror

→ works at any wavelength if one chooses the right mirror material/coating: 
reflectivity + significant phase shift
→ only 1 output beam = half of the polarimetric information is lost

see e.g. Le Gal et al. 2020b
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← 57.7%

→ we adjust the angle of incidence on the first mirror, material of each mirror, coating 
thickness if applicable, and the angles of the modulator to optimize the extraction 
efficiencies

Pollux FUV channel: 3 mirrors in SiC + 1 
analyzer with a B4C+MgF2 coating (built 
by Larruquert et al.)

Temporal modulation using mirrors

Analyzer

                  Wavelength (nm)
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Giradot et al. 2024

→ low TRL, less efficient, less precise polarization 
measurement, but only viable solution below 120 nm

100-120 nm

BK7



FUV polarimeter of Pollux@HWO

Future FUV test bench, adapted from the new MUV/NUV bench

→ new FUV plasma lamp, new polarizer in SiC mirrors + Pollux FUV polarimeter
→ calibrated through overlapping range between MUV/NUV and FUV benches 
around 120-125 nm
→ requires very precise alignment (nrad level)
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Summary

Many mission projects for UV spectropolarimetry

We have developped MUV and NUV polarimeters with polychromatic temporal 
modulation and optimized designs for Arago, Polstar, CASSTOR and the MUV and 
NUV channels of Pollux@HWO
→ ongoing polarization precision tests on bench + full space qualification needed
→ development of the CASSTOR demonstrator nanosatellite

We are now developping a FUV polarimeter with mirrors for the FUV channel of 
Pollux@HWO
→ design ready, analyzer will be built in January
→ ongoing modification of the NUV/MUV bench to FUV wavelengths

This work is performed thanks to CNES R&D funding
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