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® How did galaxies form and evolve in massive protoclusters at cosmic noon (z=2-3) ?
® How did the cosmic sheet effect on star formation in member galaxies?
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The Evolution of Baryon Matters
in Galaxies Across Cosmic Age
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' Galaxy Halos contain only ~8% of total baryon matter.

Cosmic age (Gyr)
10 5 3

m 10°-10*% M, ---- dark + baryonic
] m 101-10%M, = baryonic
1012 _ 1016 M °

TR R

as8 L gamnn=nE .."""--.
- L
L "

Wran-m
B YHi-n2 |

0 1 2 3 4
Redshift

Cen & Ostrike 1999 -- Where are the baryons?



What are the dominant quantities tor the growth ot
galaxies?

What determine a seed galaxy at cosmic dawn to become a giant or a dwarf

L Eiahxy mass appears as a dominant quantity for forming the scaling relations of
galaxies (M, ,-M*, SFR-M*, Z . -Zsr, Mpy-Mpyeer 2/Z20-M*, Re-M*).

e Galaxy growth is driven by star formation and galaxy mergers . What control these
processes regulating the growth?

* The cosmic environment refers to the available matter reservoirs and surrounding
tidal field, and determines the matter flowing: nourishing vs starving .

v'Dwarf galaxies may grow to massive ones in a nourishing site, but cease star formation once
entering a starving place (e.g. hot haloes).

v'Massive galaxies can still grow through star formation fueled by cold gas from the cosmic
web, or galaxy mergers in dense environments.

* What key quantities/parameters describe the degree of nourishing (or starving)?




Cosmic Environments and Large-Scale Structures

The ILLUSTRIS simulations Galarraga-Espinosa+2023 Lu Y.S5.+2023 (2306.03966)
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* Large-Scale Structures (~3-30 Mpc; filaments, clusters, sheets): potential
well to keep and cool down gas

* Medium-Scales (~0.3-3 Mpc; subclusters, groups): take Gyrs to flow into
galactic halos

* Galactic Halos (<~0.3 Mpc): accretion shocks; cold streams penetrate into
cold halos at high z; heated up by accretion of satellites or mergers?




Cosmic Environment Regulates Galaxy Growth
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How Did Galaxy clusters Form?
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SSA22: A extended and massive Structure

Umehata et al. 2017
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Discovery of Two Massive Protoclusters at z=2.24
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Of 244/223 emission-line objects, 196/175 (+-2) are Ha emitters,

giving an overdensity factor of 5.6/4.9 (+-0.3). Zheng et al. 2021, MNRAS, 500, 4354



SMGs Detectd by JCMT/SCUBA-2 @850um
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BOSS1244 45 SMGs and BOSS1542 55 SMGs (40 > 4mly),

SFR>600 Msun/yr at z=2.24

Zhang YuHeng et al. 2022, MNRAS, 512, 4893



SMGs Mostly Located in the Outsklrts
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In the outskirt regime of protoclusters, accretion shock leads to a
density increase for baryonic matters (Rost+2021).
The SMG overdensities found in the outskirts of protoclusters is
seen as evidence for the enhancement of gas supply from the

Zhang Y. et al. 2022,
MNRAS, 512, 4893
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Dec. (J2000)

BOSS1244: multiple substructures in merging
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»B0SS1244: two substructures NE &SW; two redshift peaks in SW;
» Velocity dispersion: ogyy~400 km/s@z=2.23 and ong~380 km/s@z = 2.25
» A cluster core is in formation through merging of two substructures.




BOSS1244: Quenching by Gravitational/Shock Heating?

Shi D.D.
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» Velocity dispersion: ogyy—~400 km/s and ong~380 km/s.
» A strong SF gradient from the center to the outskirts: what causes this?
» Two massive quiescent galaxies detected at the center.
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» Velocity dispersion: ogyw~400 km/s@z=2.23 and ong~380 km/s@z = 2.25
»QG1: older, more massive logM=11.72 M,; QG2: logM=11.12 M,




Early Formation of Brighest Cluster Galaxies
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»QG1: older, logM=11.72 Msun, Re=6.8kpc, n=4.5

Shi D.D. +2023
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BOSS1542: A Giant Filamentary Structure
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»B0SS1542: the first of such kind discovered ever at z>2 to date.

» Velocity dispersion: 0~247 km/s, a dynamically-cold structure.

» An excess at the high end of Ha LF, suggestive of an enhancement of SF/AGN.
» Discovery of an SMG concentration of the highest density, with Oga ~20.




HST Imaging of Proto-cluster Galaxies e s
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BOSS1244 & BOSS1542: dynamically cold

BOSS1244 BOSS1542

1. overdensity of §,, ~6.3 over 1. overdensity of &, ~5.6 over
~30 cMpc, composed of three ~30 cMpc, a giant filamentary
substructures in merging structure

2. velocity dispersion of 400 2. velocity dispersion of 250 km/s
km/s 3. intense star formation

3. intense star formation :

. 4. even a higher merger rate

a high rTlerger rate 5. An SMG overdensity --

5. A smok!ng gun '-’ - tI'!e SF enhancement of extreme
quenching gradient in the SW starbursts, off the HAE density
overdensity and a pair of ridges

massive-quiescent galaxies——
Zheng X.Z.+2021, Shi D.D.+2021, Zhang Y.+2022; Wang X.+2022; Liu S.+2023, Shi D.D.+2023



Cosmic Sheets expected to suppress SF in dwarf
galaviee |
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A Cosmic Sheet Structure @z=0.735 in E-
CDFS
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Substructures within the z=0.735 Sheet
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Galaxy SFR: No Dependence on the local density
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No difference is found for galaxies between the field and the LSS at z=0.735
in terms of SFR, SSFR, M* and Sersic index.




What regulate SF Quenching?
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The z=0.735 Sheet lacks hot gas (ICM) for quenching via ram pressure or
stripping. Local density-related processes/quantities control quenching.




What are the dominant quantities for the growth of
galaxies?

* Galaxy mass appears as a dominant quantity for forming the scaling relations of galaxies (M, .-
M*, SFR-M*, 2 .-Zsrpy Mpy-Mpyiger 2/20-M*, Re-M*).

e Galaxy growth is driven by star formation and galaxy mergers . What control these processes
regulating the growth?

 The cosmic environment refers to the available matter reservoirs and surrounding tidal field,
and determines matter flowing situation: nourishing vs starving .

v Dwarf galaxies may grow to massive ones in a nourishing site, but cease star formation once entering a
starving place (e.g. hot haloes).

v Massive galaxies can still grow through star formation fueled by gas from the cosmic web, or galaxy
mergers in dense and dynamically-cold environments.

* What key quantities/parameters quantify the degree of nourishing (or starving)?
» Overdensity factor + connectivity measure the available matter reservoirs.

» Dynamical state of (sub)structures deeply impacts on gas cooling and fueling
(thereby star formation), and the structural evolution of galaxies via merging.




Summary

* Extremely massive galaxy protoclusters at cosmic noon are ideal labs to explore
the connections between galaxy and structure formation.

* The spatial offsets between SMG and HAE density peaks are likely evidence for
the accretion shock in the outskirts of protoclusters.

* A first galaxy SF gradient over a scale of ~“6 cMpc at z>2, and a pair of massive
quiescent galaxies at the center of BOSS1244

* The enhancement of galaxy mergers is favored by the dynamical cold state of
BOSS1244 and BOSS1544 protoclusters.

* Large-scale (global) environment as well as the local environment both regulate
star formation and quenching in galaxies.
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