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In the following, | will present my summary and
analysis of relevant reports. They are my views
and do not represent an official NASA position.



Powering Science: NASA's LSSMs

2017 NAS report commissioned by NASA
assessing value of and strategies for large

strategic science missions (LSSM) POWER|NG
benefits of LSSM tend to include: g SC|ENCE

~ enable science impossible any other way | NASASLA‘_‘GE ST"A"?G'F S

CONSENSUS STUDY REPORT

answer NASA SMD’s most compelling
science questions

high-quality, high-visibility results
(public, students, scientists)

international/interdisciplinary
collaboration

maintain U.S. space and scientific
leadership
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LSSM Report: Recommendations

1) LSSMs should be "part of a balanced program.”

~ "Balance can be decided only by the decadal surveys
themselves.”

2) NASA should look first at decadal surveys and mid-term reviews
for guidance on LSSMs. If these are insufficient, seeks advice
from advisory groups.

3) LSSM concepts should allow for de-scoping and "up-scoping” to
align with budget constraints.

4) Robust mission studies, including trade-offs, should be
conducted prior to the start of a decadal survey.
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Astro2020

* 2022 NAS report providing S
assessment and ?é??éﬁé‘h??é’ﬁ&”i'\'strophys.cs |

i forthe 2020s

recommendations for
NASA, NSF, and DOE*

* sets priorities, including
recommendations for NASA
flagship missions

*assessment only
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Astro2020: Overview

Themes Priority Science Areas

Worlds and Suns
in Context

2 Pathways to
K Habitable Worlds
% Possible Far-IR Probe .
g Possible X-Ray Probe

Time dﬂmain/mlllti'messel'lger program New Messenge rs

and New Physics New WindOWS on
the Dynamic
o Universe

Cosmic Ecosystems

Unveiling the
Hidden Drivers of
Galaxy Growth

2022 2030 2040 2050

TIME

Astro2020 Cosmology Panel



Astro2020: LSSM NASA Recommendations

e establish Great Observatories Mission and
Technology Maturation Program (GOMaP)

— first mission developed is large UVOIR flagship (now
Habitable Worlds Observatory, HWO)

- afterwards, X-ray (Lynx) and FIR (Origins) flagships

* FIR and X-ray probes, e.g., AXIS (X-ray) and
PRIMA (FIR)
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Astro2020: Cosmology Panel Report

* highlights roles of Rubin, DESI, PFS, Euclid,
Roman, and SPHEREXx

* focus on cosmic tensions (e.g. Hubble tension
and galactic center y-ray excess)

* notes increasing connection between
cosmology and astrophysics > opportunities for
synergies, not just "systematic uncertainties”

LSSM Astro2020 Cosmology Panel 9/14




Cosmology Panel: Major Science Questions

1) What set the Hot Big Bang in motion?

- CMB B-modes for primordial gravitational waves
- high-precision measurements of initial power spectrum

- primordial non-Gaussianity in LSS

“These will require next-generation high-multiplex spectroscopic
facilities, likely in the optical and infrared but possibly at radio
wavelengths, with the goal of mapping as many linear-regime
modes of the primordial structural seeds as possible, at least a
factor of 10 more than funded upcoming facilities.”
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Cosmology Panel: Major Science Questions

2) What are the properties of dark matter and
the dark sector?

- small-scale structure (substructure of clusters, dwarf
galaxies and smaller)

- imprints on BBN and CMB (e.q. lithium abundance problem)

- dark matter annihilation signatures

LSSM Astro2020 Cosmology Panel
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Cosmology Panel: Major Science Questions

3) What physics drives the cosmic expansion and
the large-scale evolution of the Universe?

- stresses different scales, redshifts, and methods
- focus on dark energy, neutrinos, and cosmic tensions

“The panel notes the particular importance of studying the low-
redshift period where dark energy dominates the expansion rate.
Opportunities for doing so include (1) standard candle and
standard siren methods [...] and (2) a next generation of densely
sampled galaxy redshift and lensing surveys to test the impact of
dark energy on structure formation with greater sensitivity.”

LSSM Astro2020 Cosmology Panel
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Cosmology Panel: Major Science Questions

4) How will measurements of gravitational
waves reshape our cosmological view?
- stochastic gravitational wave background
- standard sirens for Hubble constant

- novel phenomena indicating new physics

LSSM Astro2020 Cosmology Panel 1314




Cosmology Panel: Discovery Area
* 21cm and LIM of dark ages

end of dark ages: galaxy formation vs. new physics
mapping primordial density fluctuations

“But intensity mapping measurements are in their infancy, and the
most ambitious program at redshift 50 requires space-based
measurements. [...] the development of intensity mapping [...] will
take several decades of steady support.”

“In the coming decade, the panel [...] hopes to see the first
measurements of the BAO scale using either the 21-cm or other
atomic or molecular emission lines.”

Astro2020 Cosmology Panel
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