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Understanding the data:

continuum |s06 | J par.fits

iImage distortions

continuum_Is06_] J par.fits
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Understanding the data: image distortions
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Understanding the data: image distortions
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Computing the slitlet boundaries

pyemir-slitlet_boundaries_from_continuum —parmodel longslit
output: bounddict grism J filter J 1s0l.json

continuum_Is01_J_J_par-.fits [original] continuum_Is01_J_J_par.fits [smoothed] continuum_Is01_J_J_par-fits [S.-G.filt.]
slitlet=2, grism=J, filter=J, rotang=90.0 it

slitlet=2, grism=J, filter=J, rotang=90.0
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pyemir—fit_boundaries output: fitted bound param grism J filter J 1s01l.json
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ds9 fittedpar 1s0l.reg
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Computing the slitlet boundaries

% 02_plot_param_vs_slitcenter.ipynb

eeeeee

Image distortion parameters as a
function of csu_bar_slit_center (fitting
independently the 10 free parameters

using 11 longslits configurations)

output: multislit param grism J filter J.Jjson
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Computing the slitlet boundaries

% pyemir—-merge_boundict_files

% pyemir—-slitlet_boundaries_from_continuum —parmodel multislit

Image distortion parameters as a

e ' function of csu_bar_slit_center (fitting
/ simultaneously the 10 free parameters

using 11 longslits configurations)

output: refined multislit param grism J filter J.Jjson

38



Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit slitlet selection

Slitlet#2
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit background removal

Slitlet#2 (locate_unknown_arc lines, step #1)
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit iImage smoothing

Slitlet#2 (locate_unknown_arc lines, step #2)
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit arc line detection

Slitlet#2 (locate_unknown_arc lines, step #4)
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit arc line bounding box

Slitlet#2 (locate_unknown_arc lines, step #5)
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Rectification and wavelength calibration

intersection between
arc lines and spectral trails

Slitlet#2 (xy_spectrail _arc_intersections, step #1)

% pyemir—-rect_wpoly_from_longslit
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Rectification and wavelength calibration
% pyemir-rect_wpoly_from_longslit reference points for rectification

compute distortion
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Rectification and wavelength calibration
% pyemir-rect_wpoly_from_longslit rectification transformation computation

Slitlet#2 (estimate tt to rectify)
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_from_longslit slitlet rectification

Slitlet#2 (rectify)
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Rectification and wavelength calibration

% pyemir-rect_wpoly_from_longslit peak detection

Slitlet#2 (median spectrum)
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Rectification and wavelength calibration

% pyemir-rect_wpoly_from_longslit pattern matching with line triplets

Number of lines/triplets: 47/16215
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Rectification and wavelength calibration

% pyemir—-rect_wpoly_from_longslit

Potential solutions within the valid parameter space
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Rectification and wavelength calibration

% pyemir—-rect_wpoly_from_longslit

Potential solutions: arc line triplet number

1.0 -

0.8 -

0.6 -

0.4 -

normalized crvall

0.2 -

0.0 -

0.0 0.2 0.4 0.6 0.8 1.0
normalized cdeltl

21



normalized crvall
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Rectification and wavelength calibration

pyemir-rect_wpoly_from_longslit

Potential solutions: master line triplets
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Rectification and wavelength calibration

% pyemir—-rect_wpoly_from_longslit

Potential solutions within the valid parameter space
[symbol size proportional to 1/(cost function)]
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normalized crvall
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Rectification and wavelength calibration

% pyemir—-rect_wpoly_from_longslit

Potential solutions: arc line triplet number
[symbol size proportional to 1/(cost function)]
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Rectification and wavelength calibration

% pyemir-rect_wpoly_from_longslit preliminary wavelength calibration

® identified — fit

differences with

residuals (Angsiie&a) solution (Angstrom)

rrm.s.: 0.1606
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pixel position in arc spectrum [from 1 to NAXIS1]
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Rectification and wavelength calibration

% pyemir-rect_wpoly_from_Llongslit modified wavelength calibration

® identified = fit >< removed removed
= 0-
=
n —5 -
Q
-
o —10 -
| -
Q
v —15 -
§o)

A..3_matches.in_contiguous triplets
B: 2 matches in contiguous triplet
C: no matches in contiguous triplet
D: 2 matches in second and penultimate triplet
E: first and last triplet
—0.4 - R: duplicated line
r.m.s.: 0.1015]: fittered out (Theil-Sen fit)

- ! P: filtered out (polynomial)

0 500 1000 K: filtered out (Cook distance)

pixel position in arc spectrum [fjlirecovered line
20

residuals (Angsiie&a) solution (Angstrom)



Rectification and wavelength calibration

% pyemir—-rect_wpoly_from_Llongslit wavelength calibration
Wavelength calibration
12442.726 12960.204
50000 -
12491.0794
40000 -
)
S
(_U 12406.2215
= 30000 -
I3
X 12459.5223
O 20000 - 12115.6411 12806.2419 13276.2661
12705.757 13217
13011.8219 13231.7238
12143.0614)5346. 77 12626.85
1000Q+770.01 12069.6- 12936.7322
0 - L
0 250 500 750 1000 1250 1500 1750 2000

Image pixel in the X direction
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Rectification and wavelength calibration

% pyemir-rect_wpoly_from_longslit refined wavelength calibration
Refining wavelength calibration
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Rectification and wavelength calibration
pyemir-rect_wpoly_from_longslit wavelength calibration verification

output: coef rect wpoly 1s06 grism J filter J direct.json
(rect wpoly 1s06 grism J filter J.Jjson)

pyemir-verify_ rect_wpoly arc_1ls06_J J all_rectwv.fits \

—-coef rect wpoly coef rect wpoly 1s06 grism J filter J direct.json \

--wv_master file lines argon neon xenon.dat \

—-verified coef rect wpoly coef rect wpoly 1s06 grism J filter J direct verified.json \

—-min nlines 10 \ arc_Is06 | J_all_rectwuv.fits [slitlet #02]

3 . median=-0.301 A npoints (total / used / removed) @ robust_std=0.0898 A
——pOldeg_reSldualS 2 \ 40/28/12 -
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. . . < - o]
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_ - g - — o oo o o o o o— ﬂtﬂ—c o
--interactive \ S-05- ® e ° -
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-1.0 - o}
—--debugplot -12 --echo o
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Rectification and wavelength calibration
% pyemir—-rect_wpoly_for_MOS
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output: rect wpoly MOSlibrary grism J filter J.Jjson



Flatfielding

% pyemir—continuum_flatfield slitlet selection

Slitlet#2
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Flatfielding

% pyemir—-continuum_flatfield slitlet rectification
Slitlet#2 (rectify)
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Flatfielding

% pyemir—continuum_flatfield median spectrum
Slitlet#2(median spectrum)

—— collapsed spectrum
— filtered spectrum
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Flatfielding

% pyemir—continuum_flatfield expanded spectrum

Slitlet#2 (rectify)
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Flatfielding

% pyemir—continuum_flatfield unrectified slitlet
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Flatfielding

% pyemir—continuum_flatfield original/smoothed
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output: continuum 1s06 J J on-off flat.fits
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Flatfielding

continuum_[s06_J J on-off flat.fits
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Flatfielding

continuum_|s06_J J on-off flat.fits
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Flatfielding

grismJ _A-B _bpm.fits before flatfielding
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Flatfielding

grism)_A-B_flat.fits after flatfielding
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All this functionality is already available as auxiliary
python files distributed with numina and pyemir, but...

e |t is still not running under the control of numina (it will

do so for the forthcoming MOS commissioning), so for
now the user must execute the code by invoking
directly the python scripts (wait for the next part of the

presentation!).

e Some calibrations are not finished / or completely
verified. It's expected that all of them will be available

before the end of 2017.
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ToDo List:

* |Improve the rectification interpolation (currently using
Nearest Neighbour method): interpolate properly
fractions of pixels

* |mprove pixel-to-pixel flatfields:

e Remove some ghosts
e Compare with flatfields from imaging and replace
the slitlet borders

 (Generate low-frequency flatfields (from imaging?)
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