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Scientific context

Pollux is proposed as the European instrument aboard HWO, a future NASA flagship
mission.

HWO

• 3 designs under study
• 6 to 8 m diameter
• Planned launch ≈ 2040

Pollux

• Resolution up to R=120 000
• Waveband: 100 − 1 200 nm
• FUV band: 100 − 120 nm

Concept

As there are no birefringent or transparent materials in the 100 − 120 nm waveband,
we chose a different way to perform spectropolarimetry using mirrors [1].
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Figure 1: Concept of the reflective polarimeter

Design

We considered different materials for mirrors and coatings such as SiC, B4C [2], TaC,
MgF2 [3], Mo, Al, and Si.

Analyser

• Goal: maximise the P reflectivity and minimise the S reflectivity
• Si02 substrate + 50 nm B4C deposition + 29 nm MgF2 layer on top

Figure 2: Mirror at Brewster’s angle Figure 3: Reflection at Brewster’s angle

Modulator

• Goal: Modulate the polarization
• 3 plane mirrors in SiC coated by

CVD deposition, mounted as a
K-mirror

Modulation positions

• Optimised number of positions
• Optimised position angles
• 6 positions:

0o | 70o | 134o | 218o | 269o | 325o

Performances

A perfect reflective polarimeter should have:
• An extraction efficiency at 0.577 on the

whole waveband
• A total reflectivity at 0.5
Our polarimeter has the following perfor-
mances:
• Good extraction efficiency on the waveband,

and especially above 115 nm.
• Reflection at 0.8 ± 0.1 on the SiC mirror.
• Reflection at 0.4 ± 0.1 on the analyser.
• Total reflectivity at 0.125 Figure 4: Extraction efficiency

Mathematical formalism

To design the polarimeter, we use the Stokes and Mueller formalism.

Stokes Vector

We need to describe partially po-
larised light, so the Stokes formalism
is preferred.
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Mueller matrix

For a reflection:
MR(θm, λ) =Rs + Rp Rs − Rp 0 0

Rs − Rp Rs + Rp 0 0
0 0 −Qcos(δ) −Qsin(δ)
0 0 Qsin(δ) −Qcos(δ)


with Q = 2

√
RsRp.

Rs, Rp and δ are calculated using
the Fresnel formula on bulk or coated
material [4][5].

Rotation matrix

A reflective component rotated is:
M ′(α) = RR(α) × M × RR(α)

with RR(α) a rotation matrix:

RR(α) =

1 0 0 0
0 cos(α) −sin(α) 0
0 sin(α) cos(α) 0
0 0 0 1


Here, the change in coordinate sys-
tem due to reflection is considered.

Merit function

The merit function considers:

• The extraction efficiency:

ϵ(k) =

√√√√6 ×
6∑

i=1
D2

k,i

−1

with Dk,i the coefficient of the de-
modulation matrix.

• Reflectivity: R = (Rs + Rp)2

Pollux test bench

In parallel, we are working on CASSTOR, a bench that will serve as a proof-of-concept
for a nanosat of the same name. It will also be useful for Pollux’s NUV and MUV
channels.
Then, this test bench will be adapted to test the FUV polarimeter (purple part in
Fig. 5). This bench will be the first demonstator of FUV spectropolarimetry on a
large waveband.

Figure 5: Scheme of Pollux test bench

This bench will be mounted in a vacuum tank in a clean room at the Paris Observatory.
Firstly, we will test the polarimeter from 115 to 120 nm (where the extraction efficiency
is maximal). Then, we will test it above 115 nm with a different lamp and polariser.

Conclusion

We designed a polarimeter that works under 120 nm, using only reflective optics. We
need to build the test bench to prove that this can be effectively used on the Pollux
FUV channel aboard HWO.

References

[1] Maëlle Le Gal et al. “Far ultra-violet polarimeter by reflection for Pollux (LUVOIR)”. In: ICSO
2018 (July 2019). doi: 10.1117/12.2536094.

[2] Juan I. Larruquert et al. “Self-consistent optical constants of sputter-deposited B4Cthinfilms”.
In: Journal of the Optical Society of America A (Dec. 2011). doi: 10.1364/josaa.29.
000117.

[3] F. Bridou et al. “Experimental determination of optical constants of MgF2 and [...]”. In: Optics
Communications (Apr. 2010). doi: 10.1016/j.optcom.2009.11.062.

[4] Russell A. Chipman et al. “Polarized Light and Optical Systems”. In: (July 2018). doi: 10.
1201/9781351129121.

[5] Max Born and Emil Wolf. “Principles of Optics”. In: (Dec. 2019). doi: 10 . 1017 /
9781108769914.

https://doi.org/10.1117/12.2536094
https://doi.org/10.1364/josaa.29.000117
https://doi.org/10.1364/josaa.29.000117
https://doi.org/10.1016/j.optcom.2009.11.062
https://doi.org/10.1201/9781351129121
https://doi.org/10.1201/9781351129121
https://doi.org/10.1017/9781108769914
https://doi.org/10.1017/9781108769914

	References

