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Our Universe

Cosmic microwave
background tells us about

the ‘early-time’ Universe
Years after the Big Bang

Galaxy surveys tell us
about the ‘late-time’
Roman Universe
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Can a single model with dark matter and dark energy (and ~6 parameters)

explain observations over 13 billion years?

Image credit: NAOJ

Ami Choi Jan 12, 2025 -2



Our Local Universe

,&- " -‘. o v LY g ‘ ot? :
: Roman Kepler . Transiting Exoplanet
Telescope name Space Telescope  Space Telescope Surve)? Satellite
(Upcoming) (Prime Mission) (TESS)
Viewing range 1.6-degree cone 12-degree cone 360-degree sphere
Average planet detection distance 25,000 light-years 2,000 light-years 150 light-years

_ Ami Choi Jan 12, 2025 - 3
Image credit: NASA Goddard



Cosmology ¥ Exoplanets

What do we need for cosmology? Roman is possible through theseontributions of many partners
- angular resolution NANCY GRACE

- near-IR sensitivity \

- photometric precision RO M AN
- point-spread-function stability

What do we need for exoplanets (microlensing)?
- observatory agility

photometric precision
field of regard SPACE TELESCOPE

» Top priority from the 2010 Astrophysics Decadal Survey

* Hubble-sized telescope (Primary Mirror size: 2.4 meters), power,
and resolution, 100x field of view (0.28 sq. deg.) with Wide Field
Instrument

« Dark energy, exoplanet, and wide-field survey capabilities

» Coronagraph technology demonstration to build the ‘Search for
Life’ foundation

* Guest Observer Program (>~25% time)

Image credit: NASA/Chris Gu nh-

« All data public a few days after they are taken

« Launch on track for late 2026 (NASA commitment: by May 2027) Ami Choi Jan 12, 2025 — 4




Weak G raVitatiOnaI LenSi ng Lensing causes galaxies to be aligned

with foreground large-scale structure
» (0.1% impact on galaxy shapes!)
Sensitive to mass density Qy and
amplitude of fluctuations og (often
combined in parameter Sg)
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Credit: APS/Stonebraker, galaxy images from STScl/AURA, NASA, ESA, and the Hubble Heritage
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Stage Il and IV Dark Energy
Surveys

COSMOS CFHTLS KiDS Euclid Rubin

observed
galaxy
Density
30 30 50

[gal/arcmin? ] 50

sueyares s H » ..

(deg?)

154 1000 5000 1400 15,000 30,000 2000

Completed Ongoing Start of science operations
2005 2009 or recently completed 2024 2025 2027

—_———— —— -

Diagram of imaging surveys

by Eric Huff

See Dark Energy Task Force Report, Albrecht et al, 2006, Ami Choi Jan 12, 2025 — 8



https://arxiv.org/abs/astro-ph/0609591

Stage Il Survey Cosmic Shear View of S8

DES Y3+KiDS-1000

DES Y3

HSC Y3 ¢

ird
|

0
,S;,_;; = g [ ()

DES + KiDS Collaboration 2023 combined cosmic shear results from both surveys and extensively
investigated model choices (Cosmology Talks video: )
KiDS-1000 + DES Y3 constraints are 1.70 lower than Planck and are at 2% precision

HSC Y3 is lower by <20

Final DES Y6 results out soon, with a first batch of papers on arxivimminently (check out DES-DESC AAS

splinter Jan 14, 1-3pm), similar for KiDS and HSC
Ami Choi Jan 12, 2025 -9


https://www.youtube.com/watch?v=T8hkgJ-hFoo

Stage IV Dark Energy Surveys

Sensitivities of LSST, Roman, and Euclid

—— |SST (10 yr, S Hemisphere, AM 1.2)
Roman (2227 deg? ref zodi)
Euclid (15k deg?, B=45°)

Labels indicate PSF

half light radius in

units of milliarcsec . VIS
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Plot credit: NASA Ami Choi Jan 12, 2025 - 10



Roman’s Cosmology Program

Olivier Doré, Markovic, et al.

Yun Wang, Padmanabhan, et al.

Caltech (T'\me-Doma'm)

+ Mansi Kasliwal @ State (Exop\anets)

+ Scott Gaudi @ Ohio

Dan Scolnic, Hounsell, Rose, Rubin, et al.
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Galaxy Positions

Standard Candle

Growth of Structure

(also Expansion History)

\

Expansion History
(also Growth of Structure)

l

Expansion History
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Physics of the Universe

Dark Energy, Dark Matter, Modified Gravity




Cosmology with the High Latitude Imaging
Survey Project Infrastructure Team

« Team of 80+ scientists (and growing) of

leading experts in US & international

(FR+JP) institutions (since April 2024)
Many Roman/WFIRST SIT/SDT
veterans but 77% are new to Roman

Initial “deliverable leads™
* HLIS survey implementation
» Galaxy shape measurement
* Photometric redshift measurement
* Photometric clustering & weak lensing
» Cosmological Inference
« Simulations

III’
i % il o [
L g
or\ 9
* (&
FERe

*

£

*

Chris Hirata (OSU): survey & calibration

Mike Jarvis (UPenn): calibration, 2pt estimation & data challenges
Rachel Mandelbaum (CMU): shear measurement

Jeff Newman (UPittsburg) & Dan Masters (IPAC): photo-z

Michael Troxel (Duke): sample selection & image sims

Chihway Chang (UChicago): clusters estimation

Tim Eifler (UArizona): inference, 2pt analysis, data vector sims

Vivian Miranda (Stony Brook): inference infrastructure & hackathons
Elizabeth Krause (UArizona): 2pt analysis

David Weinberg (OSU): cluster analysis

Rachel Bean (Cornell): advanced inference (joint analysis, small
scales...)

Dida Markovic (JPL): sims requirements & inclusion

Eric Huff (JPL): data vector sims

Romain Teyssier (Princeton): cosmological sims

Olivier Dore (PI, JPL): Y1 science analysis, workshops, consortium

See for a full list!

Ami Choi Jan 12, 2025 - 12


https://roman-hlis-cosmology.caltech.edu/

light hits the detector The path frOm pIXels tO COsmOlOgy
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light hits the detector The ath from plerS to COSmOIOgy

Vo

Survey Strategy: Cosmological Inference:

« Optimization of the
survey
Hirata, Krause,

Weinberg serve on the
HLIS Core Community
Definition Committee

 Build the pipeline to
take the data vectors
and output parameters
Includes analysis of
different probes
(lensing, clustering,
clusters)

Universe
024/overview.html) and
productive, and happy


https://irsa.ipac.caltech.edu/data/theory/openuniverse2024/overview.html

NANCY GRACE

ROMAN

Summary and Outlook

SPACE TELESCOPE

We are entering a golden age for dark energy surveys
 Roman’s High Latitude Survey will be a powerful probe of gravity and dark energy.
Deliverables to the community:

» data becomes public immediately

* Images, catalogues, simulations, 2pt functions, simulations
« joint simulations, processing, analysis with Rubin/Euclid...

code reviews

annual community data challenges
hackathons

summer schools

+ + + o+

MS1: Pipeline interfaces/ MS2: Strategies MS3: Release R1 ‘ MS54: Release R2 ‘ ‘ MS6: Release R3 ‘ MS8: Release R4
code standards defined delivered ! T — '
to CCS panels l MS4: T|||ng+5|mulat|0n of selected strategy ‘ ‘ MS7: Early science survey assessment ‘

Communlty Workshop CW1 ' ‘ Community Workshop CW2 E ' Commumty Workshop CW3

Phase 1: Algorithm development Phase 2: High-precision pipelines Phase 3: Flight data analysis
and requirements

Launch Year 1 data release
Slide adapted from Dida Markovic



Thank you for your attention!

If you're at AAS 245 this week check out:

« Splinter on Project Infrastructure Teams for the Roman Space Telescope

* Tues, Jan 14 9am-12pm, Annapolis 3-4
« All five PITs will present

 Full list of Roman presence at AAS 245 here:
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https://outerspace.stsci.edu/display/RAA2/Roman+at+AAS+Home
https://roman-hlis-cosmology.caltech.edu/
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