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What are the big scientific issues?

How can we approach them?

“Beyond the wavelengths”



US National Academies Decadal Survey 2020

Pathways to Discovery in
Astronomy and Astrophysics
for the 2020s

What are the key scientific challenges for astronomy and astrophysics
in the next decade? Pathways to Discovery in Astronomy and
Astrophysics for the 2020s, the National Academies' latest decadal
survey, identifies the most compelling science goals and presents an
ambitious program of ground- and space-based activities for future
investment. The report recommends critical near-term actions to
support the foundations of the profession as well as the technologies
and tools needed to carry out the science.

Three Priority Science Themes

Worlds and Suns in Context New Messengers and New Physics Cosmic Ecosystems

Priority Area: Pathways to Habitable Worlds Priority Area: Unveiling the Drivers of Galaxy

Growth

Priority Area: New Windows on the Dynamic
Universe




US Decadal Su rvey 2020 — timeline for medium & large programs
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First Galaxies & Relonization
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rest-frame UV LF
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Obscured Star Formation
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Phvsical Processes in High-z Galaxies

- multiphase ISM/CGM resol.: 120pc (JWST), 60pc (GMT), 30pc (ELT)
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Intensity Maps of [Oiii}, [Cii]

Gas Density

19 -18 | ‘[j!
2] \J.

logloSBLya lerg s' cm™? arcsec” ——
ionizing
photons

1Og102gas [

® Jonizing photons escape perpendicular to filament.

® Velocity offset of [O 1] and [C 1] can reveal
lonizing structure.

-4 -3 -2 -1 0 -4 -3 -2 -1 0

log;[O 1] 88.3 pm [mJy arcsec *] | log;[C 1] 157.8pm [mJy arcsec ]



Ngas [cm™2] Ny, [em™?] T K] Yz [Mekpe™?] Sdust [Mekpe™?] S« [Mpkpe—2]
10 10%¢ 10%2°107% 102 10% 1022010°% 10 10%: 102 10¢ 10°10° 107 10> 10* 10°:10° 10% 10° 107 107 10° 1'%

B E—— ] N e I B ]

RAMSES-RT ADLI = =10 " :
SPHINX ) ‘
simulation

\“d X ¢ '\

K a.t V4 + 1 9 y 2 1 [CII] 157.6um [OIII] 88.33um [OIII] 51.80pum [CIV] 1548.19A, 1550.78A Ha 6562.81A Hp 4861.33A
P 108'14L® ¢ prei 106.45L® F i 106.48LO TS 106'78L® e 10;’2511@ § 77— 106.69L®
- »h .

. ‘ . ) -

| - 4 ! pe - ’% - ' ~ -~
| . fa. < _- A&
@ L8 | *\&'f : o

L Y

 enrichment by low-Z CCSN

1kpc 1kpc

 top-heavy IMF w. reduced

[C /O] [O1V] 25.88um [O1] 63.17pm [O1] 145.5um [OI1I] 5006.84A [CIII] 1908.73A [OII] 3726.03A, 3728.81A
T 104'83L® P e 108'83L® y A 108.03LO I, == 107'34L® b = 10640L® ¥ 106'48L®

- 5 .

e [O ] could be useful too. . ;‘ Q Q} | e - \;

[NIII] 57.21um [NII] 121.7um [NII] 205.4pum [OI11] 1666.15A [NII] 6583.45A [NV] 1238.82A, 1242.80A

y Y 105.80LO ; 104.80LO ; PR 104'23L® e 106.11L® . 105.93L® s 105.37L®
. »

- ' \

-

’ N

logio (ZIR/erg/s/cmz) logio (Z‘Neb/erg/s/cm2)
B | B |
_1260453045 12690453045




Example: time-line for ELT/TMT
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Science of ELT¥§#f (Pl: KN)

* First Galaxies and Reionization
* Co-evolution of SMBH & Galaxies

* Massive Galaxies



Example: Science of ELT

He Il line from a first galaxy Lya filament at z~6
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Intensity Mapping:
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Near-1R background radiation
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Galaxy-SMBH co-evolution
& Seed Black Holes

When was M —o relation established?
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How did the seed BH grow?
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When & how was Mgsu— M- relation established?
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Early evolution: fast or slow?
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Evolution from Blue to

Red Sequence
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— cold flow, multiphase outflow



Movies: zoom-in sim

Gas Density log(Temperature) log(Metallicity)
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cf. Roca-Fabrega+21 https://sites.google.com/site/santacruzcomparisonproject/


https://sites.google.com/site/santacruzcomparisonproject/

2D Velocity Structure
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Cosmic Ray feedback

Galaxy /!
fountain

Slow outflow accelerated
in-situ by CR

CGM
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CR driven outflow

An old problem, but with renewed interest.

Analytic: lpavich ’75; Boulares & Cox 90; Breitschwerdt+91; Everett+08; Socrates+08; Mao & Ostriker’18; ....
Simulation: Booth+13; Pakmor+16; Ruszkowski+17; Wiener+17; Chan+19; Hopkins+20; Ji+20; Su+20; Hopkins+21; ....

X, y-ray community: XRISM, Athena, FORCE, GRAMS, SuperDIOS



Il emission
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Missing Baryon Problem
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Metal lines as probes of ISM/CGM/ICM/IGM
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Census of Cosmic Metals ::oiioems

Observed metals
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|GM tomography
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TMT JP Science Book 2020



Probing CGM: Lya forest mean flux contrast

Flux Contrast Stronger HI absorption
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- Understand gas density profiles

- Relation to dark matter halo
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Supplement



b Cosmological incidence of Hi, H,
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le: Science of ELT

Exam — massive galaxies
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Decadal Survey 2020 — Galaxy Panel

% Most compelling science questions

Question D-Q1.How did the intergalactic medium and the first sources of radiation evolve from
cosmic dawn through the epoch of reionization?

Question D-Q2. How do gas, metals, and dust flow into, through, and out of galaxies?

Question D-Q3. How do supermassive black holes form and how is their growth coupled to the
evolution of their host galaxies?

Question D-Q4. How do the histories of galaxies and their dark matter halos shape their
observable properties?

Discovery Area: Mapping the circumgalactic medium and the intergalactic medium 1n emission



