
De nouveaux filtres émulant les bandes spectrales de Gaia 
Pourquoi ? Comment ?

Pierre Barroy *a,g, Gabriel Vilain a, Amina Moumini a, ,

Martin Grandidiera,g , Ahmed Kotbi a, Andreas Zeinert a,,
Marc Serrau d,g, Manuel Fluryf , Alain Badoche e,

ThierryMidavained,g, Michel Dennefeldc , William Thuillotb

+ denombreuxautres!!!

a Laboratoire de Physique de la Matière Condensée,

Université de Picardie Jules Verne, Amiens (France) 
b  Observatoire de Paris
c Paris Institute of Astrophysics(IAP)
d  Société Astronomique de France
e MCM Optique
f ICube, Université de Strasbourg, CNRS, INSA, F-67000 

Strasbourg, (France)
g Télescope JM Salomon, Buthiers, Planète Sciences (France)

*  pierre.barroy@u-picardie.fr

0033+(0)322828847

mailto:pierre.barroy@u-picardie.fr


Gabriel Vilain, in charge of the internship άhǇǘƛŎŀƭ ŦƛƭǘŜǊǎΣ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ǇƘƻǘƻƳŜǘǊƛŎ 
ŀǎǘǊƻƴƻƳƛŎŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƘŜ D!L! ǎŀǘŜƭƭƛǘŜ ŀǎǘǊƻƴƻƳƛŎŀƭ ŎŀǘŀƭƻƎέ

Contact : gabriel.vilain33@gmail.com

THANKS TOé

All Astronomers & others involved, 

including the RAPAS Community





Telescopes and Filters

Å Optical imaging with telescopes is usually done with monochromatic 

cameras

Å Coloursare reconstructed from a number of images taken with filters 

in a filter wheel

T®lescope JM Salomon (óTJMSô)

Planète Sciences, Buthiers
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Telescopes and Filters: another example from space

James Webb SpaceTelescopeNIRCamoptical layout (NASA)



Commercial filters already exist, including photometric ones buté



Gaia : a European Space Agency mission with a 

very high international impact

ÅAccurate astrometric and spectrophotometric 

measurements

ÅPositions and movements of more than a billion objects

ÅThe 3 Gaia specific wide spectral bands are not defined by 

filters , its photometric instrument consisted of two low-

resolution fused-silica prisms dispersing all the light entering 

the field of view

Å3 Data Releases already, DR4 in 2026, last DR expected 2030

Gaia DR3 catalog

Ø 1,46 Billion sources complete astrometry up to mag G 21 

Ø 1,806 Billionsources with G photometry

Ø 1,54 et 1,55 Billion sources with GBp and GRp bands photometry

ÅG-band photometricuncertainties~0.3 mmagfor G<13,                          

1 mmagat G=17, and 6 mmagat G=20 mag

ÅGBp-band photometricuncertainties~0.9 mmag for G<13,                      

12 mmagat G=17, and 108 mmagat G=20 mag.

ÅGRp-band photometricuncertainties~0.6 mmag for G<13,

6 mmagat G=17, and 52 mmagat G=20 mag ESA Gaia/DPAC



ÅThe Gaia mission has delivered alerts such as:  
https://gaiafunsso.imcce.fr/

or  http://gsaweb.ast.cam.ac.uk/alerts/home

ÅThe 3 Gaia photometric wide bands bring an enhanced 
Signal to Noise Ratio and magnitude upper limit for 
telescopes

ÅA number of pieces of software use the Gaia catalog 
already: Prism V11 with Grappa (EDR3) (Marc Serrau), 
AstroImageJ and Gaia EDR3 via Vizier, Muniwin, Siril1.4, 
Tycho Tracker 2025, AstropyǎǳƛǘŜΣ {¢5 ǇƛǇŜΣ  wtt ǇƛǇŜΧ

ÅBut Gaia optical filters are not commercially available
Ý creating them allow direct photometric reduction 
with the G, Gbp& Grp Gaia catalog

The Gaia catalog opportunities

ESA Gaia/DPAC

pierre.barroy@u-picardie.fr
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Whycan it beinterestingto have Gaia-like filters?
example: variable star chasing

Mathieu Le Touzé, Christophe Marlot
Var-ExpΥ wŜŎƘŜǊŎƘŜΣ ŎŀǊŀŎǘŞǊƛǎŀǘƛƻƴ Ŝǘ ǎǳƛǾƛ ŘΩŞǘƻƛƭŜǎ 

variables non cataloguées, école de photométrie 
https://gemini.obspm.fr/event/ecole-de-photometrie-

2026/

https://gemini.obspm.fr/event/ecole-de-photometrie-2026/


Whycan it beinteresting?
example: cometchasing



Thoseneedsledto Generation1 filters

Åa broadband AntiReflectionŎƻŀǘƛƴƎ ŦƻǊ ǘƘŜ ŦƛƭǘŜǊ ŜƳǳƭŀǘƛƴƎ ǘƘŜ D ōŀƴŘ όάw!t!{ !έ ŦƛƭǘŜǊύ

Åŀ ōŀƴŘǇŀǎǎ ŦƛƭǘŜǊ ŜƳǳƭŀǘƛƴƎ ǘƘŜ D.Ǉ ōŀƴŘ όάw!t!{ .έ ŦƛƭǘŜǊύ 

Åŀ ōŀƴŘǇŀǎǎ ŦƛƭǘŜǊ ŜƳǳƭŀǘƛƴƎ ǘƘŜ DwǇ ōŀƴŘ όάw!t!{ /έ ŦƛƭǘŜǊύ 

ÅA choice was made in order to facilitate discrimination in differential photometry:

ÅIʰ .ŀƭƳŜǊ Ǌŀȅ όϪ срсΣну ƴƳ ǿŀǾŜƭŜƴƎǘƘ ƛƴ ŀƛǊύ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ DwǇ -ƭƛƪŜ όάw!t!{ /έύ ŦƛƭǘŜǊ 

ÅIʰ .ŀƭƳŜǊ Ǌŀȅ ǊŜƧŜŎǘŜŘ ŦǊƻƳ ǘƘŜ D.Ǉ -ƭƛƪŜ όάw!t!{ .έύ 

ό IȅŘǊƻƎŜƴ ʰ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎǇŜŎǘǊŀƭ ƭƛƴŜ ƻŦ ǘƘŜ IȅŘǊƻƎŜƴ ŀǘƻƳΦ  Iʰ ŜƳƛǎǎƛƻƴ ƛǎ ƻŦǘŜƴ ǘƘŜ ǎǘǊƻƴƎŜǊ ŜƳƛǎǎƛƻƴύ

Å~Parfocalfilters (similaropticalthickness) ( 2*n mm thick )

Ý 2 batchesof 3 filters designed& manufactured

McCallum L et al 

The HŬ sky in threedimensions, MonthlyNotices of the Royal AstronomicalSociety: Letters, 540, 2025 



ñGeneration 1ò filter batches

Å Interference filters coated on substrates

Å TiO 2 chosen as a High index material 

Å SiO2 chosen as a Low index one

Å˂κп N-BK7 substrates
Å KG3 glass substratechosenas IR cut substratefor GBp-like ( B ) filter
Å scratch-resistant materials, stable with respect to humidity

Å common Ion-assisted e-beam evaporation process

Å 50 mm diameter apertures fitting most filter wheels (can be cut to size)

https://www.semicore.com/news/what-is-ion-beam-assisted-deposition-ibad

pierre.barroy@u-picardie.fr
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Å Near UltraViolet and Near InfraRed transmission was limited in 
those filters in order to desensitize them from the Air Mass 
differential transmission from zenithalto 30° elevation above the 
horizon line of sight and from the Quantum Efficiency diversities of 
Silicon based Focal Plane Arrays é

Télescope JM Salomon, Planète Sciences, Buthiers

pierre.barroy@u-picardie.fr
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3 Filtersfrom first batch 
Å Packaging
Å Normal transmission
Å Transmission from an angle
Å Reflexion

normal transmission

reflexionpackaging

transmission from an angle

G band -emulation
όάDŜƴ м w!t!{ !έ ŦƛƭǘŜǊύ

GBp band-emulation
όάDŜƴ м w!t!{ .έ ŦƛƭǘŜǊύ 

GRp band-emulation 
όάDŜƴ м w!t!{ /έ ŦƛƭǘŜǊύ 

pierre.barroy@u-picardie.fr
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GBp filter
@ plateformemicroscopieélectronique
haute resolution 
Université de Picardie Jules Verne
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matchingA. Jolivet et al     

Appl. Surf. Sci. 608, 2023

pierre.barroy@u-picardie.fr

Multimessengersanalysisof 1st genFilters

http://dx.doi.org/10.1016/j.apsusc.2022.155214
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TiO2 caracterisationmatchingclassicamorphousTiO2

OJL model = good interbandtransition model for amorphousmaterials
S.K.O'Leary, S.R.Johnson, P.K.Lim, J. Appl. Phys., Vol. 82, No.7,  October1997

pierre.barroy@u-picardie.fr
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FromFiltersto Astronomytests 

Selectedsky areas to assessmagnitude upperlimit with thosefilters
Edgar EverhartSky&TelescopeJan 1984



Tests of Gen1 filters on the sky (large input from RAPAS network)

Å Fair agreement between photometric measurements and catalogue photometric values 

Å But room for improvement: some outliers can be explained by astronomical phenomena (such as variable stars, 

etcé), telescope and sky quality, but fainter objects at the larger magnitudes may be linked to filters specs



Gaia-like filtersςGeneration2
Refinementof opticaldesign objectives

Maximum transmission of band-passfor filters GBp et GRp

Start max transmission at 400nm for filter GBp et reject Hʰ
emission

Have maximum transmission for Hhemissionin GRp filter

Minimise rejection outside of transmission zones

Having1 substratefor 3 filters

Minimum interception of GBp et GRp bandpassat 50% 
transmission

Minimise transmission angulardependancefor consistancy

pierre.barroy@u-picardie.fr
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Interferometric filter principles

ÅὍ Ὅ Ὅ ςὍὍÃÏÓɝ‰

Å‰ ςὲὩ

ÅQuarter Wave Optical Thickness (QWOT):

Ὡ
‗

τὲ

Å ὲ : High index > 1,8

Å ὲ : Low index < 1,6

20

Gabriel Vilain, 2026



2026 design startingpoint: classicsolutions for short & long wavebandpassfilters

(L/2  H  L/2) n   (H/2  L  H/2) p p 

CarnigliaC.K. Optical Thin Film Technology, Basic Concepts of Optical CoatingDesign, 2003



Refining with a combination of algorithms such as Nelder-Mead, simulated annealing, and 
genetic algorithms were used with commercial (MtheissCODE, TFCalc) or Matlab-
developed codes

Run Filter/su

bstrat

Number

of layers

Population Generation Crossover

( %)

Mutation

( %)

Min thickness

(nm)

3 GBP/BK7 34 500 100 50 80 15nm -400nm

3 GBP/BK7 40 1000 200 60 81 15nm -400nm

3 GBP/BK7 46 1500 100 65 85 15nm -400nm

4 GBP/BK7 60 2000 300 69 88 15nm -400nm

3 GBP/BK7 60 2000 500 70 90 15nm -400nm

4 GBP/BK7 60 5000 1000 70 90 15nm -400nm

4 GBP/KG2 40 1000 200 60 90 15nm -400nm

4 GBP/KG2 60 2000 250 65 90 15nm -400nm

4 GBP/KG2 60 4000 300 65 90 15nm -400nm

4 GRP/BK7 56 3000 500 70 85 15nm -400nm

4 GRP/BK7 44 5000 300 75 90 15nm -400nm

Machine learning (genetic algorithm) helps when the starting point is poorly known

but classic starting point + Nelder-Mead & simulated annealing are much faster and give better insight 

into the Physics => better fabrication control enabled

example of genetic 

algorithm runs 

(2025) :

pierre.barroy@u-picardie.fr
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2025 Proposed new designs of B and C filters ñgen 2ò improving transmission across the 

bands, in particular for the HŬ emission in comparison with measured spectra 

(bands emulating GBp & GRp)

pierre.barroy@u-picardie.fr

TiO2 / SiO2 on N-BK7 substrates

GBp-like  RAPAS Gen2 B filter
28 layers/face

GRp-like  RAPAS Gen2 C filter
30 layers/face

Ý Improvedtransmission
Ý Improvededge-stiffness
ÝLowerband-passripples

mailto:pierre.barroy@u-picardie.fr
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GBp prototype ςresults



Prototype ςSensitivitystudy
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Ý No randomerror can explain2025 prototype deviation



sample theory Profilometer SEM
Recto 3792 nm 2785 

(undercoat
problem?)

3674

Verso 3376 3251 3421

Verso alone 3376 3395 X

Currentunderstandingof prototype responsedeviation

Å Profilometry & FEG-SEM measurementsdont show a huge
difference, total thicknesswithin expectations

Å But it is observedthat SiO2 doesntmelt in the crucible

Ý Depositionconechanges and end of SiO2 cruciblereached
Ý Need a change in depositionstrategy



Realised half-stack ñRAPAS B gen 2ò (GBp-like). 

Red = design, Black = measured fabricated film

Very low Root meansquare error(RMSE)- deviation

pierre.barroy@u-picardie.fr

GBp prototype ς2026 with SiO2 refill

mailto:pierre.barroy@u-picardie.fr
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Comparison of Optical properties

ÝTiO2 isan obviousbetter choicefor thisŘŜǎƛƎƴ ōǳǘ Χ




