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e LSST: millimag level for photometric uncertainites -
e Auxtel: get spectra from photometric standards

Gray-Corrected ToA Magnitude Dispersion of Calibration Observations
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Dispersion (rms)

o to constrain atmospheric transmission

z: 0.0039
3: 0:0064

Remarkably similar to results of

o to propagate to LSST photometry | FeCH catbraton of DES maging
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e But Auxtel Spectrograph is slitless and produces defocused spectra

o What do we call a spectrum in this context ?

m Mixing of spatial and spectral information

o Y. Copin proposition: go to forward modelling

No spez‘:&rum exktraction buk direck a&mcsphe_rm

Eransmission measurement ,



Holograms for slitless spectro \\@\!
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e Usual gratings: all wavelengths
not focused simultaneously on

the focal plane because used
with a convergent beam

Symmetric

e Holograms: forced focus on the
focal plane at almost all
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Traditional approach: cross spectrum
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» Cross spectrum = sum across the transverse direction of the dispersion axis
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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 apprma{:k
- ci@mixibxg

* 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))

Oct. 2018 LSST-DESC Calibration Workshop 9
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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) = Moffat
o Smooth polynomial evolution of the shape parameters

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



Spectrogram simulation — 4DESC
e Use Direct or Fourier formalism to simulate order 1 and order 2

I(r)= ) FFT! [ / A\ C(\) Py(k, e~ 2™k Ap(N)

p=1,2

=% / D COVPy (r=Ay(N)  C(A) = Tam (A0) X Thase(A) X Sapar(N)

p=1,2

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

e Fixed inPUt: CZ—'instrument()\) X Sstar()\)

, all pixels D(I‘i) B I(I’i) 2
e ~23 parameters to fit with ~3e4 pixels: X~ = Z o (r3)
i=0 '

o 3 atmospheric parameters

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

o A(A) and Py(A) parameters 7



https://github.com/LSSTDESC/Spectractor

Data here is a simulation

Fit: test model
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Improvements since February
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e Use direct approach
e Better background subtraction:
e photutils library with Sextractor algorithm
e background estimated farther from the spectrogram
e Change the fitter:
e minimization of y2 the vector (not summed)
e implementation of a Newton-Raphson method to find the zeros
of the gradient of the 2
e Integrate transmissions in dA bins of pixel size
e Some debugging...
e Fitting algorithm tuned on several images: get to the rough
minimum chisq in ~5 iterations and faster (no oversampling of the
PSF), then refine in ~5 iterations

e Total: 1 Fitin ~15 minutes

e Further possibilities: parallelize some computations .



Data here is a simulation

o
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Reduced y2= 0,996 10
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Correlation matrix
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Tests on simulations = ,gﬁDESC
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e 1 CTIO image - 1 spectrogram simulation with:
o Same star, same background level
o Same disperser
o Same airmass, P, T

o Same « PSF(lambda) » (estimated on the data image)

e But with:
o PWV = 5mm
o Ozone = 300 db

o VAOD = .0.03

12




Tests on simulations
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Répartition de PWV ajusté autour de la valeur donnée dans les simulations
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Tests on simulations
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VAOD

Tests on simulations
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Répartition des aérosols ajustés autour de la valeur donnée dans les simulations Histogramme
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Conclusions and next steps

e The pipeline loop is closed (at least on simulations)

o Forward model very efficient to recover the atmospheric

parameters

e Working on reducing the last residuals/outliers

e Secure the background subtraction

e Implement ADR

e Ability to fit the instrumental transmission using airmass regression

e More realistic model of a (defocused) PSF

19




On the Moon Again !
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Dispersed imaging

Slitless spectroscopy
P, = Point/Line Spread Function
Pa(r, A) = 8(r — A(A)) where A(A) is the dispersion law
Dispersed image| I(r) = [ dA (C ® P,)(r — A(A), A) Q W%ff h
In spatial Fourier domain: -
(k) = J dA C(k, A) "Py(k, A) ezrieay | —OWIEET w

* Source: C(I‘, )‘) - [Tinstrument()\) X Tatm()\|9) X Sstar()\)] X 6 (I‘ — Iorder 0)

» Chromatic PSF: Py())

- Disperser law: A(A) = (Zorder 1(A); Yorder 1(A))

LSST-DESC Calibration Workshop
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Spectrogram simulation — ZDESC
/ /l\

e Use Fourier formalism to simulate order 1 and order 2
= ) FFT! [ / dX C(k, \) Po(k)e_iZ’Tk'AP()‘)]
p=1,2

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

e Fixed input: Tinstrument(}‘) X Sstar()‘)

all pixels 2
D ry) — I ri
e ~30 parameters to fit with ~3e4 pixels: x° = Z ( ( G)(r_) ( ))

1=0
o Atmospheric parameters

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

o A(M) and Py(L) parameters
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Improvements: minimisation algo

e 2 function to minimize with 23 parameters
e IMINUIT too slow (or not well tuned...):

o 1h20

O Pwin=37394 (with 27429 pixels)

start = time.time()

fit_workspace.simulation.fix_psf_cube = False

error = 0.1 % np.abs(guess) x np.ones_like(guess)

error[2:5] = 0.3 % np.abs(guess[2:5]) x np.ones_like(guess[2:5])

z = np.where(np.isclose(error, 0.0, le-6))

error[z] = 1.

fix = [False] * guess.size

# noinspection PyArgumentList

m = Minuit.from_array_func(fcn=nll, start=quess, error=error, errordef=1,
fix=fix, print_level=2, limit=bounds)

m.tol = 10

m.migrad()

fit_workspace.p = m.np_values()

print(f"Minuit: total computation time: {time.time()-start}s")

24
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Improvements: minimisation algo ;f/.ADESC
AN

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)

25




10°
N>< |
10° 1
— A]_ —— VAOD do — dy ds — ad12
2 |
10 — A —— D¢ep [Mm]  —— a1 —— as —— ag — ai3
—— 0zohe Ay [pix] — a —— de dio —— dis
I —
" 10! 1 — PWV —— A [pix] ~—— a3 =—— a; —— an
O L.
; T ———————— —_—
E 100“ ’/
& 0 - —
_100- 74\\\
_101_ T T T T T T T T
0 2 4 6 8 10 12 14

Iterations

26




Y [pixels] Y [pixels] Y [pixels]

Cross spectrum

40

20

0

40

20

0 ...-.
0 100 200 300 400 50

X [pixels]

Data here is a simulation

Al1=1.010, A2=0.026, PWV=6.856, 0Z=269, VAOD=0.081, D=55.45mm, shift_x=0.87pix, shift_y=0.00pix

0 25 50
X [pixels]

100 200 300 400 50

0
X [pixels]

0

600

0 100 200 300 400 500 600
X [pixels]
ra VI W — Data
75 1 A~ \i Model
™
50 A ~ ~ ' \\
N
231 _// [ Vg
- ~ —
0 - T T T T T T T T
400 500 600 700 800 900 1000 1100
A [nm]

le—-1

le—-1

le-2

1/max(data) (lin scale

)

Forward to next view

SC

1/max(data) (lin

1/max(data) (lin scale)

Y [pixels] Y [pixels] Y [pixels]

Cross spectrum

40

Data

0 25 50
X [pixels]

0 25 50
X [pixels]

80 ~

70 A

60

50 A1

" —— Data
\ Model

le—-1

le-2

1/max(data) (lin scale) 1/max(data) (lin scale

1/max(data) (lin scale)

Y [pixels] Y [pixels] Y [pixels]

Cross spectrum

i

50 100

X [pixels]

50 100
X [pixels]

50 100
X [pixels]

30 A

20 A

N

- Data
Model

\\L

[V N,

N

10 -

900 950 1000

A [nm]

le-2

27

1/max(data) (lin scale) 1/max(data) (lin scale)

1/max(data) (lin scale)



