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Telescopes and Filters

A Optical imaging with telescopes is usually done with monochrom:
cameras
A Coloursare reconstructed from a number of images taken with filt

/’ . pe in a filter wheel
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Telescopes and Filters: another example from space
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Gala . a European Space Agency mission withfa
very high international impact

A Accurate astrometric and spectrophotometric
measurements
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The Gaia catalog opportunities

A The Gaia mission has delivered alerts such as: oro]
https://gaiafunsso.imcce.fr/ oty
or http://gsaweb.ast.cam.ac.uk/alerts/home %‘ 05%)
ﬂ 0.45
A The 3 Gaia photometric wide bands bring an enhanced € ;3.
Signal to Noise Ratio and magnitude upper limit for G 0%
telescopes F 0.20-
o10)
A A number of pieces of software use the Gaia catalog 00 N |
already: Prism V11 with Grappa (EDR3) (Nsancay), 00 400 s00 600 700 800 900 1,000 1100

: . L e .. Wavelength [nm]
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A But Gaia optical filterare not commercially available ._
Y creating them allow direct photometric reduction &&8
with the G,Gbpé& Grp Gaia catalog
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Why canit beinterestingto have Gaidike filters?
example: variable stachasing

=00 The Project v VariSeek ~ Observations v News

var-exp.org

Stellar vari:abilityi: a phbﬁometric éxploratidn of thé sky :
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Llnformatlons, appels a observation,

Var-Exp is a collaborative project. We expl‘ore the si& using Jata from the TESS ( Transiting Exoplanet Survey Satellite ) mls:_slon, Ma ! l I ng-l ISt

L searching for unknown;variable objects, which we study, rize, and ‘(a\alogiusmg VariSeek , a powerful software: program

O 6 I specializing in the easy'and Tapid pracessing of data con FFl files..Some o:bjed.s for which we lack data, or which §re of
. particular interest, are ébseryed'rollavburativdy using amateur instruments. :

: Var-Exp 500 The Project - VariSeek v Observations v News Contact us

Calls for observations for the Var-Exp Project — Summary table
04

100 +!discaveries since January 2026 L ‘ .
| The table below lists all calls for observations issued by the Var-Exp Project. Click on the links in the "Name(s)" column to view

a specific call for observations.

Spectral response function

Information regarding the interpretation of this table is given at the bottom of the page.
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Whycanit beinteresting? Zoss
example: cometchasing 804
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Thoseneedsledto Generationi filters

A a broadbandAntiReflectionO2 F G Ay 3 F2NJ 6 KS FAEGSNI Sydz I Ay 3T 0
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A A choice was made in order to facilitate discrimination in differential photometry:
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A NearUIltraViolet andNear InfraRed transmission was limited in
those filters in order to desensitize them from the Air Mass
differential transmission frorrenithalto 3C° elevation above the
horizon line of sight and from the Quantum Efficiency diversities of
Silicon based Focal Pl ane Arr g
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Multimessengersanalysisof 15t genFilters ——
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Finding Your Telescope’s Magnitude Limit

EpGar EvERHART, Chamberlin Observatory, University of Denver

OW FAINT will it reach? This is &
question that often comes to mind
when considering a telescope or camera to
be tumed toward the heavens. While
there are numerous tables that cite the
limiting stellar magnitude for a given tele-
scope aperture (see, for example, page 193
of the March, 1980, issuc), in practice this
limit is affected by many factors.
The condition and number of optical

ance, as will Tight pollution and other at-
mospheric effects. For the observer, the
physical condition of the eye ls important,
while photographers must consider such
factors as film, filters, exposure times, and
developing methods.

Therefore, in order to determine the
limiting magnitude of a particular instru-
ment, it is best to observe or photograph
the sky directly, This calls for some type

tudes of sclected stars. But herein lies &
problem: Even binoculars and short expo-
sures with small cameras will reveal stars
fainter than those plotted in Wil Tirion's
Sky Atlas 2000.0 (limiting magnitude 8.0)
or The AAVSO Variable Star Atlas (limit
about 9.0).

For fainter magnitudes there are the
Vehrenberg Atlas of the Selected Areas
and charts for certain variable stars pre-

FromFiltersto Astronomytests
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Gaialikefilters ¢ Generatior2 o

Refinemenbf opticaldesign objectives S e
. A Filter (emulating Gaia G band) '
Maximum transmission of bangbassfor filters GBp et GRp
0,3
Start max transmission at 400nm fdilter GBp etreject H B . o
emission 380 400 950 "
T 1 AT T T T T
: : : : : : : 095 fFo---imimimmem : ........................
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. _ 380 390 400 640 645 650 750 1000 & (nm)
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S E C Filter (emulating Gaia G band)
transmission 08 ; ;
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Interferometric filter principles .

A'O 'O 'O ¢ /'OOA I 3G,

A %o —C € Q

T T['/Z

A Quarter Wave Optical Thickness (QWOT):

N =
T €

Y
/

A ¢ :Highindex>1,8
A ¢ :Lowindex<1,6

Gabiriel Vilain, 202¢

20



2026 desigmstartingpoint: classisolutions for short & longavebandpasdilters

(L/2 H L/Z)1 neN (H/Z L H/Z)’ pe N
Short Wave Pass: (L/2 H L/Z)s Long Wave Pass: (H/2 L H/Z)s
100 hn --------------- T o) I
nd = W4 o IW
= QWOT/4  wl w w0l
= . [
OQWOT = 4nd = | |
§ g0 | g0 }
z . i
c | , | 1
p = 40 40
z : : U
(14 L L 4
= 20} 20 } y
o:.. U . o[ LV, i k AT YL

0 .25 - .75 1 1.25 1.5 1.75 2 0 .25 .3 .73 1 1.2 1.5 1.75 2
Relative Wavelength Relative Wavelength

Quarterwave Optical Thickness (QWOT) H denotes 8 QW of » ngh-mdex material with index
This is a measure of the thickness of a layer in terms of its optical thickness.

. _ L denotes a QW of a low-index material with index n;
The QWOT is the wavelength A such that the optical thickness of a layer is A/4.

Another way of describing the layer is to say that the layer is a QW at the wavelength A.

CarnigliaC.K. OpticalThin Film TechnologyBasic Concepts of Optic&loatingDesign, 2003



Refining with a combination of algorithms suchNelderMead, simulated annealing, and
genetic algorithms were used with commerdidineissCODE, TFCalg or Matlab-
developed codes

Filter/su | Number Population | Generation | Crossover Mutation | Min thickness
bstrat of Iayers 0/) (nm)

- GBP/BR 15nm -400nm

N GBP/BR 1ooo 15nm -400nm

GBP/BR 46 1500 100 65 85 15nm -400nm

examp|e Of genetic GBP/BK 60 2000 300 69 88 15nm -400nm
algorithm runs GBP/BK 60 2000 500 70 90 15nm -400nm
(2025) : GBP/BR 60 5000 1000 70 90 15nm -400nm
GBP/K@ 40 1000 200 60 90 15nm -400nm

GBP/KG 60 2000 250 65 90 15nm -400nm

GBP/KG 60 4000 300 65 90 15nm -400nm

GRP/BK 56 3000 500 70 85 15nm -400nm

GRP/BK 44 5000 300 75 90 15nm -400nm

Machine learning (genetic algorithm) helps when the starting point is poorly known
butclassic starting point +Nelder-Mead & simulated annealing are much faster and qive better insight
into the Physics => better fabrication control enabled

pierre.barroy@+picardie.fr
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2025 Proposed new designs of B and C

A4

bands, Il n particular for the HU emi ssi
(bands emulating GBp & GRp)

1
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TiG, / SIO, on N-BK7substrates

GBplike RAPA%en2 Bfilter
28layerdface

GRplike RAPA&en2 Cfilter
30layerdface

Y Improvedtransmission
Y Improvededgestiffness
Y Lowerband-passripples

300 400 500 600 700 800 900 1000 1100

® T RAPASB_(GBp)% = T_RAPASC_(GRp)% e T_GRp_simu_Gen2 e _GBp_simu_Gen2 =e=Ha
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Transmittance
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GBp prototype results

Empilement complet (recto 2025 + verso 2026)
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Transmittance

Prototypec Sensitivitystudy

Randonthicknesserror from -10 to +10% Randonthicknesserror from -10 to +10%

1 1
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0 = 0

300 400 500 600 700 800 900 1000 1100 1200 600 610 620 630 640 650 660 670 680 690 700
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Y Norandomerror canexplain2025 prototypedeviation
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Currentunderstanding

pf prototyperesponsealeviation

Balance
[ -
50/7
an

\f’ 710,,

Balance

S &
Ch,

\,)"""f’o,7

UCreuset Si02

Creuset SiO2,
avec la crevasse a
l'origine du
probléme

mag B WV [ et Tmode | HEW | WD
11 505 x [10.00 kV| BSED |Z Cont|{11.0 ym| 7.8 mm

A Profilometry & FEGSEMmeasurementsdont show ahuge Sl SR LS S sl =
difference, total thicknesswithin expectations Recto 3792 nm 2785 3674
A Butit is observedthat SiQ doesntmelt in the crucible (undercoat
) problem?)
Y Deposﬂmnconeghanggg and end of SjOruciblereached  \/erso 3376 3251 3421
Y Need a change idepositionstrategy
Versoalone 3376 3395 X



T %
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GBp prototypeg 2026with SiQ refill
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Realisedhalst ack ARAPAS -liBe).gen
Red= design Black = measured fabricated film
Very low Rootmeansquaresrror(RMSE)- deviation
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Comparison of Optical properties

Refractivandex (real part)

N T L

300 400 500 600 700 800 900 1000 1100

¢ SiO2 « Ta205 « Nb205 - TiO2

Y TiO isanobviousbetter choiceforthisRS a A 3y

Exctinctioncoefficient (maginarypart)
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