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A simple model of galaxy formation within dark
matter halos

Accretion from Matter accretes onto halos
the cosmic web f, ® 16 % are baryons

Dark matter
halo

Gas Gas is converted

INnto

SFR =e¢f, M, ,, — Jdt — M, = e, Jy Mpy,
T

Integrated
star formation efficiency



One of the central quests in astronomy has been accurately measuring
the and building our theoretical
models of galaxy formation within the cosmological context
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Pre-JWST measurements consistent with
with universal star formation efficiency <20%

e.qg., Tacchella+13,18; Mason+15; Oesch+18; Harikane+22, Stefanon+21
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However, JWST discovers increased abundances of 7 2 8 galaxies
challenges our theories and suggest more efficient star formation
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How can we study the galaxy-halo connection,
and Iinfer quantitatively the
cosmic ?
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1. Abundance matching

— Stellar-to-halo mass
relationship

Halo mass
function

Galaxy stellar
mass function

n(M) [Mpc™]

Halo mass

Measures the integrated - M,
star formation efficiency * M, f,
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1. Abundance matching

— Stellar-to-halo mass
relationship

Halo mass
function

Galaxy stellar
mass function

n(M) [Mpc™]

Halo mass

Measures the integrated , _ M,
star formation efficiency * Mhﬁ3

2. Halo occupation distribution
(HOD) modelling

Analytical model that can predict

galaxy clusterinc
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What can we Iinfer from COSMOS-Web

By measuring the stellar mass assembly fromz~ 0toz 2 10
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C D S M D S —We b Survey paper: Casey et al. 2023

One Of the best datasets tO StUdg Images paper: Franco et al; Harish et al. in prep
Catalog paper: Shuntov et al. in prep.
stellar mass assembly fromz~ 0toz 2 10

Over 30 photometric bands
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Stellar mass functions at 0.2 < z < 12

1071B2 < 2 <05

Shuntov et al. 2024,
preprint arXiv:2410.08290
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Stellar mass functions at 0.2 < z < 12

Shuntov et al. 2024,
preprint arXiv:2410.08290
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Comparison with previous measurements

This work,
0 ,

Shuntov+2024

¢  Weaver+23

A Harvey+24
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JWST measurements agree on the
enhanced abundances of

massive galaxies
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The cosmic stellar mass density

and star formation history
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COSMOS-Web probes 13.4 Gyr of
cosmic star formation history and mass assembly

Shuntov+24
inferred from
stellar mass density

Pre JWST
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JWST results
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COSMOS-Web probes 13.4 Gyr of
cosmic star formation history and mass assembly
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What does this imply quantitatively for the
cosmic ?

|

Stellar-to-halo mass relationship
via abundance matching
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The SHMR In 15 z-bins at 0.2 < z < 12
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Non-monotonic evolution of the integrated SFE
an upturn at z ~ 3.5

Shuntov et al. 2024,
preprint arXiv:2410.08290
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Implied integrated SFE in the EoR are high ~ 0.5 — 1
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Implied integrated SFE in the EoR are high ~ 0.5 — 1
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Implied integrated SFE in the EoR are high ~ 0.5 — 1

Challenging traditional models, but can be explained by some

| -— | -

Mechanisms to enhance
abundances/SFE

®* Feedback-free bursts
(Dekel+23, Li+23, Torrey+17, Grudic+18)

®* Positive AGN feedback Enhanceq SFE Ca.n be
(Silk+24] degenerate with e.g., Increased

* Stochastic/bursty star formation scatter in the M* — Mhalo and

(Mason+23, Pallottini&Ferrara+23, Shen+23, o . .
Sun+24, Gelli+24, Ciesla+24) MUV Mhalo relationships

r mass estimates can be wrong

* Top heavy initial mass function
(Inayoshi+22, Harikane+22, Yung+24)

Contribution from AGN, nebular

continuum
(Maiolino+23, Tachella+23, Cameron+24)

40th IAP Symposium, Marko Shuntov



Stochastic/bursty SF or enhanced SFE?

Enhanced SFE can be degenerate with increased scatter in the
and My — M, 1, relationship in the resulting galaxy abundances

-

UVLF

—22 —20 —13 —16
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Stochastic/bursty SF or enhanced SFE?

Enhanced SFE can be degenerate with increased scatter in the
and My — M, 1, relationship in the resulting galaxy abundances

-
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Joint HOD- based model of the UVLF and 2PCF

Parametrlc model of the SFE
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FRESCO: putting this formalism to the test

FRESCO 0 CONGRESS
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FRESCO: first and prellmlnarg results
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FRESCO: first and preliminary results
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bigger data to measure 2PCF
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FRESCO: first and preliminary results
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Conclusions

* COSMOS-Web: 0.5deg? and 30+ bands allow us to study the stellar mass
assembly history at 0.2 < z < 12

* Non-monotonous evolution of the with an upturn at

7z~ 3.5,

* Promising, highly flexible and predictive HOD-based joint model of UVLF, 2PCF
(and soon other statistics e.qg., SMF, SFH)

* FRESCO: Evidence for an increasing instantaneous SFE (e¢; ~ 20 — 40 %) in
massive halos and with redshift (4.3 < 7z < 7.3), constant and modest scatter
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The emerging picture from JWST/CDSMDS—Web

non-monotonic galaxy-halo coevolution
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A simple model of galaxy formation within dark
matter halos
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Stochastic/bursty SF or enhanced SFE?
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FRESCO: first and very preliminary results

This work
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Increased abundances of massive galaxies at z>7/
compared to simulations
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Increased abundances of massive galaxies at z>7/
compared to simulations
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Comparison with theoretical models
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Comparison with theoretical models
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