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Context

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

○ to constrain atmospheric transmission 

○ to propagate to LSST photometry

● But Auxtel Spectrograph is slitless and produces defocused spectra

○ What do we call a spectrum in this context ? 

■ Mixing of spatial and spectral information

○ Y. Copin proposition: go to forward modelling
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No spectrum extraction but direct atmospheric 
transmission measurement



Holograms for slitless spectro

● Usual gratings: all wavelengths 
not focused simultaneously on 
the focal plane because used 
with a convergent beam

● Holograms: forced focus on the 
focal plane at almost all 
wavelengths à hardware solution 
for the focus
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Ha filter profile
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Target: 
HD111980

J. Neveu’s slide DESC Pittsburg

Traditional approach: cross spectrum

02 line 
defocused

• Cross spectrum = sum across the transverse direction of the dispersion axis

H20 information 
washed out
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• Source:

• Chromatic PSF:   

• Disperser law:

Y. Copin’s slide
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Direct 
approach

Fourier approach
-> demixing



Application to CTIO images

● Determination of           and           directly on the spectrograms:

○ Find the order 0 and spectro lines to calibrate l

○ Rotate the image to fit spectrogram centers and derotate

○ Fit transverse empirical 1D PSF(l) = Moffat 

○ Smooth polynomial evolution of the shape parameters

■ To feed           2D PSF with same shape parameters (first guess) 6
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Spectrogram simulation
● Use Direct or Fourier formalism to simulate order 1 and order 2

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

● Fixed input: 

● ~23 parameters to fit with ~3e4 pixels:

○ 3 atmospheric parameters

○ A1: order 1 amplitude, A2: order 2 relative amplitude

○ D(l) and P0(l) parameters 7

�2 =
all pixelsX

i=0

✓
D(ri)� I(ri)

�(ri)

◆2

<latexit sha1_base64="b1pb9TczC0/IJihEAaVYo8b0fdw="></latexit>

Tinstrument(�)⇥ Sstar(�)
<latexit sha1_base64="OKpfDwmO4YFx6ogThEdoxfnSms4="></latexit>

I(r) =
X

p=1,2

Z
d� C(�)P0 (r��p(�))

<latexit sha1_base64="7FW+xsMENtTIA5IBA5Go54qf1ug="></latexit>

I(r) =
X

p=1,2

FFT�1

Z
d� C(�)P̂0(k,�)e

�i2⇡k·�p(�)

�

<latexit sha1_base64="B5+yO0dAbXXrM8iHLbalZRHl/B8="></latexit>

C(�) = Tatm(�|✓)⇥ Tinst(�)⇥ Sstar(�)
<latexit sha1_base64="thCs6h/p02feYBu4v+5BLHUBfg0="></latexit>

https://github.com/LSSTDESC/Spectractor


Fit: test model
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Improvements since February

● Use direct approach
● Better background subtraction: 
● photutils library with Sextractor algorithm
● background estimated farther from the spectrogram

● Change the fitter:
● minimization of c2 the vector (not summed)
● implementation of a Newton-Raphson method to find the zeros 

of the gradient of the c2
● Integrate transmissions in dl bins of pixel size
● Some debugging…
● 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

● Total : 1 Fit in ~15 minutes
● Further possibilities: parallelize some computations
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Data here is a simulation

Reduced c2 = 0.996
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Tests on simulations

● 1 CTIO image à 1 spectrogram simulation with:

○ Same star, same background level

○ Same disperser

○ Same airmass, P, T

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

● But with:

○ PWV = 5mm

○ Ozone = 300 db

○ VAOD = .0.03
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Tests on simulations
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Tests on simulations
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Tests on simulations
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Fit: CTIO Ron#130
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Fit: CTIO holo#134

18

T i
ns

tr
um

en
ta

l(l
) 

no
t 
co

rr
ec

t 
?

En
co

ur
ag

in
g

!

Reduced c2 = 3.6



Conclusions and next steps

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

○ Forward model very efficient to recover the atmospheric 

parameters

● Working on reducing the last residuals/outliers

● Secure the background subtraction

● Implement ADR

● Ability to fit the instrumental transmission using airmass regression

● More realistic model of a (defocused) PSF
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On the Moon Again !

● Celebration of the Apollo 11 
landing 50 years ago

● Public observation of the Moon, 
and planets, stars, nebula…

Parc Montsouris
(RER B Cité Universitaire)

From 9pm to 1am

20Septembre 2011 – l’ASTRONOMIE - 5

SEE YOU ON
JULY 12 AND 13, 2019
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www.onthemoonagain.org

GET YOUR
TELESCOPES OUT



Back-up slides
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Presented at Winter DESC meeting 
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Presented at Winter DESC meeting 
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Improvements: minimisation algo

● c2 function to minimize with 23 parameters 
● IMINUIT too slow (or not well tuned…):

○ 1h20

○ c2min=37394 (with 27429 pixels)

24



Improvements: minimisation algo

● Minimization of c2 the vector (not summed)
● Implementation of a Newton-Raphson method to find the zeros of 

the gradient of the c2

● Minimization of a with a line search method
● c2min=36516 (with 27429 pixels) in 6 minutes (14 steps)
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J: Jacobian

(JTWJ)-1: covariance 
matrix
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Data here is a simulation


