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Blurred image: poster of the film 2001: A Space Odyssey
(1968), in which a bone thrown into the air becomes a
spacecratft.

© 2001: A Space Odyssey

Introduction

Based on: Chapter 1
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Two Systems, One Observatory

NASA's nearly complete Nancy Grace Roman Space Telescope
is made up of two major subsystems. The left image shows the
inner portion, SCIPA. It consists of the spacecraft that will deliver
the observatory to its place in space and enable it to function while
there, along with the integrated payload assembly (the telescope,
instrument carrier, and two instruments),

The right image shows the outer part, called OSD. It is made up of
the outer barrel assembly, solar array sun shield, and deployable
aperture cover — components that wili shade, power, and protect
the telescope and instruments. Technicians bullt the subsystems
simultaneously and are running each through a suite of tests prior

to joining them together,

Solar Array Sun Shield
\
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Why do | want
to “renovate
analysis
infrastructure Slired image: an Al-generaiod ISt S AN

spiral galaxy surrounded by charts and data.

for the next
generation of
astronomical
surveys,”’ and
how do | do 1t?
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To be collected in Scene 2

To be
collected in
Scene 1 _— Tobe |
Blurred image: the Infinity Gauntlet COI IeCted In
holding the six Infinity Stones, from

Scene 3

the film Avengers: Endgame (2019).
N\

N

© Marvel, MJLogan95

THE OHIO STATE UNIVERSITY RAINGAS, Kaili Cao, 6/25/2026 7



Blurred image: the Avengers traveling back in time through a
quantum tunnel, from the film Avengers: Endgame (2019).

Scene 1: Intersection of Kepler Seismology
and APOGEE Spectroscopy (2022)

Based on: Chapters 2 and 3
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https://ui.adsabs.harvard.edu/abs/2013ARA%26A..51..353C/abstract

Spectroscopy
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The Red Giant Branch
Bump (RGBB)
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https://ui.adsabs.harvard.edu/abs/2026ApJ...997..120C/abstract
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RGBB: Stacking Analysts
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the gauntlet.

Blurred image: the Infinity Gauntlet
holding the six Infinity Stones, from
the film Avengers: Endgame (2019).

© Marvel, MJLogan95
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Correction

Scaling Relations
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Roman Astero-
seismology

Larger number of
oscillating red giants

In the Galactic Bulge
and Galactic Center
flelds

Huber et al. (2023)
Weiss et al. (2025)
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https://ui.adsabs.harvard.edu/abs/2023arXiv230703237H/abstract
https://ui.adsabs.harvard.edu/abs/2025ApJ...987..181W/abstract

To be collected in Scene 2

Asteroseismology
— DynFlux
Stellar Modeling / To be

— ContStar Blurred image: the Infinity Gauntlet COI IeCted In

holding the six Infinity Stones, from

the film Avengers: Endgame (2019). 'y SCe ne 3

N\
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Blurred image: the Avengers traveling back in time through a
quantum tunnel, from the film Avengers: Endgame (2019).

Scene 2: Interface between Undersampled
and Oversampled Images (2023)

Based on: Chapters 4 to 6
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HIGH-LATITUDE
WIDE-AREA SURVEY

520 days over five years |/ =

Exposure times from
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of the entire.sky
(25,500 full moons)

5,100 square degrees
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Challenging Theory with Roman: From Planet Formation to Cosmology, July 11, 2024
Why do we coadd images? — “Oversample, we must!”

e Roman point spread functions (PSFs)
o = Airy disk (~A/D) + linear obscuration
+ diffraction spikes + detector effects
o An example in Y106 band shown below
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Blurred image: Master Yoda
from Star Wars, holding a
green lightsaber.

Image credits: Lucasfilm Ltd., Janson_G



Challenging Theory with Roman: From Planet Formation to Cosmology, July 11, 2024

How do we coadd images”? — Through linear combinations.

n—1
e Linear combination of input signals: H, = Z Toil;
i=0
o H:output signal, a : output pixel index, R _: output pixel position
o [I:inputsignal, i: input pixel index, r;: input pixel position
o T : coaddition weight, n : number of (selected) input pixels

e Linear combination of input PSFs: PSF  out ( Z TwiGi(r

o PSF __ :reconstructed output PSF, I' : target output PSF

out
o IMCOM minimizes discrepancy between PSF_ and T (“leakage”).

)



IMCOM (B. Rowe et al. 2011): Image Coaddition

with Control over Output Point Spread Function

302 652 1345
Intensity (e7/s;,2/exposure)

2724

5508

11014

1 arcsec

o]

—: 3 dithers x 2 passes
(typical for Medium and
Wide Tiers of HLWAS)

/7. IMCOM (IMage
COMbination) — optimal
image coaddition

N: Drizzle - efficient
image coaddition

Credit: Figure 9 from
C. Hirata et al. 2024



One day

Time to reconstruct a Roman WFIl image [(7.5 arcmin)?]
with a single CPU core using IMCOM.



One day -
Half an hour

Time to reconstruct a Roman WFIl image [(7.5 arcmin)?]
with a single CPU core using IMCOM — Effortless.



Collected In
Scene 1

Image Analysis Image Reconstruction
— Fetterless — Effortless
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Blurred image: the Infinity Gauntlet
holding the six Infinity Stones, from
the film Avengers: Endgame (2019).
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To be
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Scene 3
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Foreseeable Future: Efficient Optimal Image

Reconstruction with Effortless (Cao 2026*)
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Foreseeable Future: Efficient Optimal Image
Reconstruction with Effortless (Cao 2026*)
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Credit: GSFC
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Blurred image: the Avengers traveling back in time through a
quantum tunnel, from the film Avengers: Endgame (2019).

Scene 3: Confluence of Observed and
Imagined Universes (2025)

Based on: Chapter 7
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What if the Maker of

the Universe came We would say:
to tell us the correct a) We already know, but
cosmological model thanks!
and ParameterS? b) Thank you for taking
our jobs...
c) That does not sound
very likely.

d) You answer here: ___




Weak Lensing Observables: 3x2pt

(Three Two-Point Correlation Functions)

Cosmic shear: autocorrelation
of galaxy shapes

Galaxy-galaxy lensing (GGL):
cross-correlation of galaxy
shapes and galaxy positions

Galaxy clustering:
autocorrelation of galaxy - S
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

positions Z
Credit: Haley Bowden




Cosmological Parameter Inference Pipeline (CPIP)
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Fisher Forecasts for Constraining Power

(Below: Figure 6 in K. Cao et al. 2026, submitted)
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Constraining Power from Different Probes

(Part of Figure 7 in K. Cao et al. 2026, submitted)

3x2pt GGL + Clus  Shear Only

:

10°
S 104
g o |
= 103 o F

W B CBCN

W B CBCN W B CBCN

W: infinitely wide priors on all (i.e., both
cosmological and “nuisance”) parameters

B: benchmark priors on photo-z bias (Az;
0.002) and shear bias (m; 0.005)

r C: infinitely narrow priors on other studied

cosmological parameters (n, Q,, and h )

/ BC: benchmark priors on Az and m (B) +

infinitely narrow priors onn, 0,, and h, (C)

N: infinitely narrow priors on all parameters
other than o,, O _, and galaxy bias (b)



Collected In
Scene 1

Collected in Scene 2
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Cosmological
Simulations
— ContCosmos

Blurred image: the Infinity Gauntlet
holding the six Infinity Stones, from
the film Avengers: Endgame (2019).
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Blurred image: an Al-generated picture of a human hand and a robotic hand
reaching toward each other against a starry sky.

© Google Gemini

Conclusion

Based on: Chapter 8 and Acknowledgements
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Blurred image: an Al-generated

h d I d = t? illustration of a spiral galaxy surrounded
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Image Analysis Image Reconstruction
— Fetterless — Effortless

Asteroseismology
— DynFlux

Cosmological

Simulations
Stellar Modeling / — ContCosmos

— ContStar

Blurred image: the Infinity Gauntlet
holding the six Infinity Stones, from

the film Avengers: Endgame (2019). Cosm0|OgiCa|

N ™ Inference

— Depth Padding
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Blurred image: the seal of The Ohio State University on the
Oval walkway in autumn.
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