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e Primary objectives:
o Build a forward model of the 2D spectrogram

o Measure the atmospheric transmission

e Data and instrument:
o CTIO data: 16 nights in June 2017, multiple CALSPECs

o Ronchi, blazed disperser and hologram dispersers

Ronchi 400 I/mm

Phase hologram
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e Usual gratings (Ronchi...
when used in a convergent
beam, all wavelengths not
focused simultaneously on the
focal plane
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e Holograms: force the focus on :
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Traditional approach: cross spectrum
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» Cross spectrum = sum across the transverse direction of the dispersion axis

Ronchi 400: #130 2017/05/31 02h45 UTC

H,o information
washed ot

A1=1.068, A2=0.001, PWV=2.291, 0Z=333, VAOD=0.080,
H D1 1 1 980 le-12  reso =7.25pix, D=56.52mm, shift=-11.53pix T
5
model &
3.01 ‘ ler 1 spectrum

T
g

I
H! “Lm\
80

ooooo

o, Line
defocused

J. Neveu'’s slide DESC Pittsburg




Y. Copin’s slide

Dispersed imaging

® Slitless spectroscopy
¢ P, = Point/Line Spread Function
¢ P,(r, A) = 0(r — A(A)) where A(A) is the dispersion law

¢ Dispersed image| I(r) = [ dA (C ® P,)(r — A(A), A) 3;;ffaah

¢ In spatial Fourier domain:

i(k) = [ dA C(k, A) "Py(k, A) e-iznkaoy

Fourter ap roach
-» FFT faster

* Source: C(I‘, )‘) — [ instrument()‘) X Tatm()“g) X SStal"()\)] X 0 (I‘ — Torder O)
- Chromatic PSF: Py(\)

- Disperser law: A(\) = (Torder 1(A), Yorder 1(A))
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Application to CTIO images
PP d Y e

e Determination of Po(A) and A(\) directly on the spectrograms:
o Find the order 0 and spectro lines to calibrate A A()\)

o Rotate the image to fit spectrogram centers and derotate

—— Dispersion axis 1.6
50 . —— Fitted FWHM —
£ — » Fitted spectrum centers

| 200 300 400 500 600 700

RN SR SV P W A DL AP X [pixels]

o Fit transverse empirical 1D PSF(L) = A(Moffat — nGauss)
m Smooth polynomial evolution of the shape parameters

m To feed Py(\) 2D PSF with same shape parameters (st guess) 6
N NA_________________._======
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Spectrogram simulation =

e Use Fourier formalism to simulate order 1 and order 2

= ) FFT! [ / dx C(k,\) Py(k, A)e—mk'%(/\)]

p=1,2

e Simulation and fitting procedure implemented in Spectractor
https://github.com/LSSTDESC/Spectractor

e Fixed input: ﬂnstrument(A) X Sstar()\)

all pixels D(I‘ ) I(I‘ ) 2
. . . ] 2 _ i) — i
e 23 parameters to fit with ~3e4 pixels: X ; ( o (1) >
o 3 atmospheric parameters

o Al: order 1 amplitude, A2: order 2 relative amplitude

o A(A) and Py(A) parameters



https://github.com/LSSTDESC/Spectractor

Fit: test model I--”H
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Fit: test model
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Software solutions Hardware/data solutions

Optical model for ATS defocused PSF Holograms

Simultaneous fit of many spectrograms to get constant
throughput

Nights of observation, CBP

Use forward model to simulate nights and strategies Use existing data sets and go on sky

e Work by Vincent Brémaud (L3) to get the “correct” instrumental
throughput

e Work by Maxime Rey (M2) to implement the ADR and a defocused
instrument model

e PhD 2019-2022 on Auxtel
12
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Software solutions Hardware/data solutions

Optical model for ATS defocused PSF Holograms

Simultaneous fit of many spectrograms to get constant
throughput
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Nights of observation, CBP

Use forward model to simulate nights and strategies Use existing data sets and go on sky

e Building of a 2nd generation of holograms:
o Adapted to the Auxtel geometry
o Higher 1st order transmission
o Lower 2nd order transmission
o Sealed and overall better quality
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Symmetric
.~ axes
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e Usual gratings: all wavelengths e
not focussed simultaneously on
the focal plane because used
with a convergent beam

e Holograms: forced focussing on
the focal plane at almost all
wavelengths !
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Yves Gentet for
UH and butterfly
hologram

Holograms in a nutshell

e Prototypes made in Bordeaux by
Ultimate Holographics “"Best
holograms in the world”

e Three different technologies tested :

Hologram plate

R 3

o Phase with polymers
o Phase with Ag

o Amplitude with Ag
e Brought to CTIO for 18 test nights:

o calibration, characterisation
o Atmospheric studies

o Compared with Ronchi 400
gr/mm and blazed grating 300
gr/mm
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e Determination of effective grooves wa

per mm number Order -1 Order 0 Order +1

o With H-alpha 655.9 nm

Thor300

o Calibration of D distance with know

Thor300 et Ron400 HoloR i

D =55.5+/- 0.2 mm
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e Minimization of y2 the vector (not summed)
e Implementation of a Newton-Raphson method to find the zeros of

the gradient of the y2
2 Y =\ Y = ST 5
() = (M(H) _ D) W (M(e) _ D) — RT(O)WR(9)
68)(2 ~ QJgWEO + 2JgWJ05—é with 579 — (9_)— 50 J: Jacobian
Vox>=0=0=0— (JTWJ))  JIWR,
S Ggr = O — o (JTWI) T JTW R, s coerioce

e Minimization of o with a line search method
o 2hin=36816 (with 27429 Fi.xe.ts) i & minutes (14 s&eps)
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