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| What I will talk about

Thursday morning

Ul — 10:30  Sclence talks: Callbration

Introduction to Callbration and Instrument Signal Removal
Orateur: Thibault Guillemin (L2pPF

Just reuse technical slides from
Rubin commissioning meetings
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[ LSSTCam focal plane ]

CCD ITL |

Pixel : 10 um
0.2 arcsec/pixel

Readout time ~2-3 s
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[ Image processing

How do we go from here to there ?

-~

Rubin First Look, ~Rubin FoV

Band i, 20250421000117
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From
LSE-163

From raw images to catalogs : the big picture
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Single Visit Processing Pipeline

From LSE-163

Single Visits

Raw
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Processed Visit Image -- An LSST image from a single visit, including science, mask, and variance arrays, PSF
characterization, and metadata. Non-astrophysical background subtracted.

Coadded (Stacked) Image -- A combination of multiple input images, aligned to a common pixel grid and corrected to the
same photometric scale and zero-point, with bad pixels and artifacts rejected. Non-astrophysical background subtracted.

Difference Image -- The pixel-by-pixel difference of a visit image and a template image, after matching to the same PSF
shape, scaling to the same photometric response, and applying a correction for Differential Chromatic Refraction (DCR).

Template Image -- A co-added, single-band image of the sky that is deep, and created in a manner to remove transient or
fast moving objects from the final image.

From The Rubin Data Products, Abridged (2022)
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Intrinsic sensor effects:
» Defects: bright, dark
* Quantum Efficiency, fringes

* Static effects: tree rings, edges,
midline

* Dynamic effect: brighter-fatter

Readout electronics:
* Gain stability

* Linearity

* Bias shift

* Crosstalk, memory

Sensor management effects:

* Clocking scheme: bias stability, bias shape
Charge Transfer Efficiency: traps, pinch
Full well
Glows
CCD output stage: gain stability, noise
Readout speed
Clock-induced: tearing

Persistence

Acquisition :
* ADU favoritism
* DAQ scrambling




[ Calibration data

In addition to on-sky exposures...

Calibration exposure types :
1) . ~Zero exposure time
=>» Electronic offset for an unexposed pixel, readout noise

2) . shutter closed, exposure time of various duration
=>» Dark current, subtle readout instabilities

3) . uniform exposure of known flux (usually taken in pairs)
=>» CCD relative response, gain, full well, linearity, Brighter-Fatter
- LED flats

- Monochromatic flats
Special dataset : PTC (Photon Transfer Curve)
=» Variance of uniform images as a function of their average (increasing flux)

)
=» Crosstalk coefficients

" Thibault Guillemin



Calibration exposures

dayObs=20250612 - seqNum=554
bias image @ 0.0s in filteri_39

dayObs=20250707 - seqNum=815
flat image @ 20.0s in filter g_6

Band g, flat

Thibault Guillemin
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Sensor anomalies : two examples

ITL bias jumps

Run 13161 R0O2 501 amp C11

Column index

2D overscan correction
‘Natural frequency’ acquisition
under test

Fringes in z-band flat (range £2%)

Wavelength-dependent effect...

Mix of hardware and software mitigation strategies

" Thibault Guillemin
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ISR boxes
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From E. Rykoff

Thibault Guillemin



DRP stage 1

Pipeline graph
Package ip_isr (
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https://github.com/lsst/ip_isr

Calibration pipeline

Calibration Products Production Package

cp_pipe (11x)

Code to produce calibration products, required to perform ISR and other calibration tasks.

From https://dmtn-222.Isst.io/

Gombned brighter_fatter_kernel charge_transfer_inefficiency
Calibration

. :
Calibration Proposed Certify for
Production Calibration Use
es
(o]

Calibration Generation, Verification, darkf"
Acceptance and Certification

Dependency of calibration products
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https://github.com/lsst/cp_pipe

( o
The flat calibration system ]

Tunable Laser for monochromatic flats and illuminate CBP
Flat Field Projector
1. White Light/Broadband/LED Source for dust flats

2. Tunable Laser source to calibration screen (via reflector)

Reflector, an aluminum aspheric optic that delivers light from projector to calibration
screen

Calibration Screen, the reflective surface that sits on the dome.

From P. Fagrelius

From W. O’'Mullane
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LED sources

LSSTCam Throughput Curves

Throughput (0-1)

\
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Thibault Guillemin

From SITCOM-TN 049

Dichroic

DMLP735B (Thorlabs)
DMLP490 (Thorlabs)
DMLP&05 (Thorlabs)
69904 (EO)

DMLP%00 (Thorlabs)

DMLP735B (Thorlabs)

New redder y-band LED !




Light source gradient and vignetting ]

I-band LED1 flat Range 0.9-1.15

"

- Need to disentangle the light source
gradient and the vignetting

- Steps

1) Extract vignetting functions from
unflattened skyflats

2) Extract the combined light gradient +
vignetting corrections on flats

3) Produce corrected flats combining 2)
with 1)

" Thibault Guillemin
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Current method (used for DP2)

flux_sky = flux_sky after _gain x corr_flat

For each band (each LED in each band actually):

corr_flat(x,y) = screen_flat(x,y)
xscreen_planar_gradient(x,y)
x1/correction_screen_radial _gradient(x,y)
xcorrection_sky vignetting(r)
xnormalization_factor

Vignetting from sky flats

Combine the single LED flats to
build an anaglyph flat per band
= Apply weights to get a ~flat SED

Anaglyph 3D is the stereoscopic 3D effect achieved by

means of encoding each eye's image using filters of different

(usually chromatically opposite) colors, typically red and cyan.

From Wikipedia

" Thibault Guillemin
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[ Photometry ]

The Vera C. Rubin Observatory Data Preview 1
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“We used the FGCM to calibrate the
full DP1 dataset with a forward model
that uses a parameterized model of
the atmosphere as a function of
airmass along with a model of the
instrument throughput as a function
of wavelength. The FGCM process
typically begins with
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” Figure 3. LSSTComCam standard bandpasses, illustrating
: full system throughput. The bandpasses include a standard
atmosphere at airmass 1.2, telescope optics, camera surfaces,

and mean I'TL detector quantum efficiency.

Come to the CBP session at 11:40 to learn about the ongoing efforts !
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https://doi.org/10.71929/rubin/2570536

