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A detector testing and characterization program is
underway in a collaboration between NRC, CSA, the

U. Calgary, JPL (NASA), T-e2v (UK) and Open U.
(UK).

understanding detector effects and optimizing CASTOR’s
capabilities is critical in order to prepare the mission for
launch by the end of the decade

characterization of dark current, cosmic ray effects,point

spread function among other parameters. Prepare for Phase
A.

Front of Detector 2)Xilinx and Header board



Instruments and Observing Modes

Wide-field Imaging

Field of View

0.44° x 0.56° = 0.25 deg?

Image Quality

FWHM = 0.15" in all channels

Photometric Channels

UV (150-300 nm), u (300-400 nm), g (400-550 nm) / Insertable filter to split the UV and u
bands

Spacecraft Orientation

Telescope always points > 90° from sun. Ideal for long duration, continuous observing in the
anti-sun direction.

Data Volumes

~200 GB/day with 10-min exposures in survey mode. High-speed optical downlink (~10 Gbps)

Spectroscopy and Precision Photometry

Multi-slit spectroscopy

DMD UV spectroscopy in parallel field (150-300 nm). FoV = 207"x117"”, R = 1500.

Slit-less spectroscopy

Full spatial coverage (0.25 deg?) in UV and u, simultaneously. R = 300 (UV) and 420 (u)

Precision photometry

High-speed monitoring (10 ppm) in the UV-, u- and g-bands using dedicated CMOS detectors.




Pyxel - A Detector chain simulation software.
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Developed by ESA !!

You can have a single model running(left), or you can combine different models (right).



Dark Current Characterization

Dark current vs. temperature for different figure of merit Dark current vs. temperature for different fixed pattern noise (FPN) factors
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The dark current model used in Pyxel is adapted from this book: “Scientific Charge-Couple

Devices.” by Janesick, J. (2001). Typical values are taken from this paper: “"High-level numerical
simulations of noise in CCD and CMOS photosensors” by Konnik, M. and Welsh, J. (2014). Check
the dark current model description in the Pyxel Documentation.




Dark Current Characterization

- Widget allows you to vary parameters, visualize the number of “hot
pixels” expected in a section of the detector.

m Histogram

spatial_noise_factor: 0.2

figure_of_merit: 10




Dark Current Characterization

Key Question for Science Planning Mission. How deep can we go
for these stars- when the dark current changes?

spatial_noise_factor: 0.2

figure_of_merit: 10

temperature: 218




Cosmic-Ray Simulation, Detection, and Removal by Laplacian

Edge Detection

Simulated using a Geant4 based tool, takes in 2
parameters. Initial Energy and Particles per
second.

The Detection and removal algorithm identifies
cosmic-rays of arbitrary shapes and sizes by the
sharpness of their edges, and reliably discriminates
between poorly sampled point sources and
cosmic-rays.

Fig. 1.— Illustration of Laplacian edge detection.
The original image is shown in (a). Panel (b) shows
the same image after subsampling by a factor six and
convolution with the Laplacian kernel. Edges are pos-
itive on the inside of the cosmic-ray, and negative on
the outside. Negative pixels are set to zero in (c), and
the image is block averaged to its original resolution

in (d).


https://arxiv.org/search/astro-ph?searchtype=author&query=van+Dokkum,+P+G

Cosmic Ray Simulator and Removal Tool- Short Exposures

-CASTOR has a circumpolar orbit. We expect
to see more cosmic rays at the pole! (Easily
incorporated in our model)

View from Ascending
Node

: Orbit Plane

Difference between Original and Cleaned Image: Cosmic Rays Removed
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Longer Exposures Simulated

Original Image

Hard to differentiate by eye!!

Cleaned Image
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Short Exposures (<100s) vs Long Exposures (1000s)

Difference (l))etween Original and Cleaned Image: Cosmic Rays Removed
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CCDproc generated !

Difference getween Original and Cleaned Image: Cosmic Rays Removed

50

100

150

200

250

300

350

400

0 50 100 150 200 250 300 350 400

- 30000

- 20000

10000

—10000

—20000



Incorporating + Extending the Exposure Time Calculator.

- The Goal is to use resulting exposure times and
point spread function used by Cheng et al. Note _ s
that this psf is oversampled.

Incorporate interpixel capacitance, optical Point spread functions for CASTOR’s central field of view, in each of its UV- (left), u-
(centre), and g-bands (right). The original PSF simulations are sampled at 10x CASTOR’s
pixel scale, then interpolated to produce a grid which is 20% the telescope’s pixel scale.

Fraction ¢

jitter and then convolved various star profiles in
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Simulating PSF- Results

Flux

-Model yields 0.146"’in each band.

(Finely sampled to correct for the oversampling)

Gaussian Fit to Flux Data
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Defect Simulator

Distribution of Defects from Monte Carlo Simulation
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Phase 0 Survey Results (Ongoing Work)

CASTOR Catalog in the u band

Detgctor Image for a Dark Current of 1nA/cm? at 200K
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- Using Photometry and SEXtractor to compare input and output(ongoing)
- Tools available and in production on Github. https:/github.com/wasnaqvi/SIP-CASTOR



https://github.com/wasnaqvi/SIP-CASTOR

Future Works

- Transition from Phase 0 to Phase A. Incorporate these models.

- Honors Project on extensive characterization.

- Impact of Failure rate. Design Study.

- Software Optimization.
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THE END

NO QUESTIONS




