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?ET| Science Pipeline Flowchart
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* Potential planets, Lots of follow-up analysis to confirm the planets!




cETl What We Will Be Talking About
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oETI What's in the simulations? (...and Why?) A ess
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* Incorporates Instrumental models for:
—CCD layout and geometry
—readout electronics, read/shot/gain/linearity etc...
—camera optics / focus changes
—behavior of the attitude control system (ACS)
—spacecratft jitter
—spacecraft orbit and DVA
—thermal effects (Solar motion, Data downlinks and thermal recoveries, etc...)

* Also incorporates Astrophysical models for:
—Zodiacal light
—TESS Input Catalog
—stellar variability (based on PSD analysis of Kepler light curves)
—eclipsing binaries (based on Kepler EB distributions)
—background eclipsing binaries (randomly placed and not on known TIC objects)
—QOther background stellar objects
—transiting planets (limb darkened transit model)
—Target "Postage Stamp” modeling
— Entire CCD scene 6



oETI What's in the simulations? (...and Why?) A ess

@® INSTITUTE

* Incorporates Instrumental models for:
—CCD layout and geometry Focal Plane Geometry
—readout electronics, read/shot/gain/linearity etc... Flux levels, Pixel Calibrations
—camera optics / focus changes Pixel Response Function
—behavior of the attitude control system (ACS) Motion Polynomials
—spacecraft jitter Noise Isolation and Removal
—spacecraft orbit and DVA  Flux Drift Systematic Error Removal
—thermal effects (Solar motion, Data downlinks and thermal recoveries, etc...)

* Also incorporates Astrophysical models for:
—Zodiacal light ~ Background subtraction

—TESS Input Catalog Data Validation, Planet Characterization

—stellar variability (based on PSD analysis of Kepler light Curves)Stellar Signal Chaiactasizalion
—eclipsing binaries (based on Kepler EB distributions) False Positive Vetos

—background eclipsing binaries (randomly placed and not on known TIC objects)

—Other background stellar objects  |mage Crowding

—transiting planets (limb darkened transit model) Transit Detection

—Target "Postage Stamp” modeling

— Entire CCD scene

Simple Aperture Photometry

Full Frame Images 0
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oETl What's in the simulations? (...and Why?) A jess

* Incorparatés Instrumentalmadels for:

4 " ) |ayout and gegmetry Focal Plaie Geometry

out electronics, read/shot/gai Flux levels, Pixgl Calibrations

Systema rror Removal

ermal regoveriss, etc...)

—Farget "Postage Stamp” modeling

Simple Apertire Photometry

Entire CCD scene gy Franfe Images 6



2ET| The importance of Realistic Simulated Data
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* Focal Plane Geometry (FPG) Model characterizes the mapping of
stellar coordinates to pixel location

—RA/Decl. => Pixels
—Has to account for all optical perturbations of the image.
—Critical for target selection and aperture photometry.

Hard shims at
each lens bezel

TESS DEPLOYED

Interior stray CCD Mosaic
light baffle (4) packaged CCD'’s
attached to mosaic plate

Y
=
o
o
o
Focal Plane
Electronics $
/
(G R
Aluminum lens p— ™~
bezels at all (7) Aluminum lens
locations barrel (splits at

J r lens 4/5 location) b ORBITAI. ATK I.EOSTAR"Z/ 750




cETl Validation & Verification of FPG
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nlinfit NO Robust Fitting Enabled

1 PPA target off by 10 pixels in row and column nlinfit Robust Fitting Enabled

1 PPA target off by 10 pixels in row and column

Fitted Geometry Models Error; Max discrepancy = 2.09?

Fitted Geometry Madels Error; Max discrepanc

= 0.0092?49

-+ \Worked Beautifully!

FPG fits out
simulated perturbations
iIn model
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cETl Real Commissioning Data
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1D plateScalel MP1-5; Fitted Error [Pixels] on reference cadence
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Fit to real data
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cETl Real Commissioning Data
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1D plateScalel MP1-5; Fitted Error [Pixels] on reference cadence
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cETl Real Commissioning Data ms

1D plateScalel MPl-SFitted Error [Pixels] on refer;:?ce cadence New 2D geometryModel; MPl-S:Fitted Eror [Pixels) on Urgference cadence
F{l} to real dat|a 4 Needed more
ot so good! *“  generalized FPG
- model to account for all
" real-world perturbations




?ET| Can the Pipeline Find the Planets?
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I The main pixels-to-planets sequence.
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?ET| Simulated Scene and CCD Readout @25
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2ET| Simulated Star and Planet Distributions
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2ET| Sample Simulated Light Curves
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A Trivial Detection

Relative Flux
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Relative Flux
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DV Fit Results:

Period = 4.40472 [0.00014] d
Epoch = 1616.0340 [0.0004] BTJD
Rp/R* = 0.0472 [0.0029]

a/R* = 19.90 [8.34]

b = 0.01 [44.37]

Seff =219.77 [117.13]
Teq =982 [131] K

Rp =7.21 [0.98] Re
a=0.1279 [0.0345] AU

Ag = 13.86 [9.81] [1.31 sigma]
Teffp = 2930 [361] K [5.07 sigma]

This Data Validation Report Summary was produced in the TESS Science Processing Operations Center Pipeline at NASA Ames Research Center

DV Diagnostic Results:

ShortPeriod-sig: N/A
LongPeriod-sig: N/A
ModelChiSquare2-sig: 90.8%
ModelChiSquareGof-sig: 100.0%
Bootstrap-pfa: 0.00e+00
GhostDiagnostic-chr: 8.879

OotOffset-rm: 1.141 arcsec [1.12 sigma]
TicOffset-rm: 1.315 arcsec [1.29 sigma]
OotOffset-tot: 1

TicOffset-tot: 1

DiffimageQuality-fgm: 1.00 [1/1]
DifflmageOverlap-fno: 1.00 [1/1]
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2ET| A More Difficult Decision...
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2ET| A More Difficult Decision...
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How well can we find Simulated Planets?
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A jess

1 TSOP-301 sector 2; Recall vs Expected MES of 3068 targets T1SOP-3O1 Sector 2; Precision vs Measured MES of 14671 targets
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» See Megan Ansdell talk from two days ago for an
application of this data.
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Simulated Data

Real Data Outputs Outputs

 Raw pixel data passed through the SPOC pipeline just like any real flight
data

— Continue to provide simulated data set with updated astrophysics and instrumental models.

* Provide fully simulated data with ground-truth that parallels real flight data to assist researchers
in adapting their tools to the TESS data set.

» How well do your signals behave in our data processing pipeline? 17
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Thank you!

https.//tess.gsfc.nasa.gov

MAST TESS data archive:

https://archive.stsci.edu/tess/index.html



https://tess.gsfc.nasa.gov
https://archive.stsci.edu/tess/index.html
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Why Called “Lilith?”

 Named by someone who hates acronyms!

 Name comes from the song “Lilith/Eve” by industrial
rock band Machines of Loving Grace, due to the first
lines of that song: “I'm talking darkest night / A
shoddy simulation of paradise...".

 This wasn't me! I've never even heard of this band!
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