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1. Morphology of the galaxies in the cosmic morning? 
    The initial morphology distribution at z=10~4?

2. What determines the initial galaxy morphology?

3. How does the morphology evolve throughout the 
lifetime of galaxies?
     ………………



Observations of galaxy morphology at high z  [Marshall+19; Elmegreen 15]

- High-z galaxies more clumpy and irregular  (Abraham 01; Papovich+05; Elmegreen 14)
- z>2 : Irregulars the most prominent type (HUDF09 & GOODS-S ; Cameron+11)
- The z ∼ 2.5–5 population is dominated by extended disc-like galaxies and irregulars or merger-like systems. 
(Ravindranath+06) 

- At high z larger fraction of spheroids (Bundy+05; Franceschini+06; Lotz+06; Ravindranath+06; Dahlen+07)
  

[UHDF. Elmegreen+07; Elmegreen 15]

Cons: Rest-frame optical bands not covered well for galaxies at z>2.
           Surface brightness limit not deep.



Cosmological gravity/hydrodynamics simulations

IllustrisTNG  -- Pillepich+2019
Morphology ← axis ra/os
~no disk galaxies (M* based) at high redshi9s 
Disk forma/on only a9er z~2  
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~ no disk galaxies 
at z>4 for            
log M*/M⊙ =9-9.5 

EAGLE (Trayford+19) : M*>109 M⊙ 
Morphology ← disc stellar mass frac/on, Asymmetry
Asymmetric galaxies & spheroids dominate, 
and only 10~15% are disc type @ high z

Disk
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(spheroid+disk)

Irregular 
galaxies 
dominate at z>2 

Both inconsistent with JWST!



Horizon Run 5 Cosmological Simulation [JH Lee+ 2021, ApJ, 908, 11]

(flat LCDM) Simulation from zi=200 to zfinal=0.625

(1049x119x127)

[grey: stellar mass. red: gas temperature.  blue: gas density]
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Galaxy morphology classification in HR5 
using stellar mass density distribution 

1. Asymmetry parameter  
2. Sersic index of the radial profile of projected stellar mass density
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Horizon Run 5 Simulation 
Morphology of high-z low-M* galaxies: disk types!!
Morphology distribution:  Disks : Spheroids : Irregulars = ~70 : 14 : 16 at all mass up to ~1010 M⊙
fDisk ~ 70% for M* < ~1010 M⊙ at all z. Strong mass dependence of morphology above ~1010 M⊙ . 

z = 7, 6, 5 z = 2

[Park+, ApJ, 937, 15(2022)] 



Mechanism for spheroidal & irregular morphology? 

Irregular or spheroidal morphology is incidental and transient! : disk (→ Irr) → Sph → disk 
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z = 4

2 random galaxies reaching 
M*(z=4) ~5x1010 M⊙ 

2 random galaxies reaching 
M*(z=4) ~2.5x1010 M⊙ 



gas & stars

HR5 has 

1 Gpc physical scale  
è Large-scale velocity field 
     correctly simulated !
&
  1kpc resolution 
è Galaxy formation
     directly simulated !

HR5 [Park et al. 2022]

Memory of the 
initial flow pattern 
stored in the DM 
component
è Importance     
of lage-scale flow!
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The morphological distribution of the JWST galaxies shows that                      
disk galaxies account for 60 − 75% at z=0.6-8 and log M∗/M⊙ < 10 . 



North Ecliptic Pole-
Time-Domain Fields (NEP-TDF)

Next Generation Deep Extragalactic 
Exploratory Public (NGDEEP) Survey

SMACS J0723.3-7327 cluster 
(SMACS0723)

UKIRT Infrared Deep Sky Survey Ultra-deep Survey field (UDS)

Cosmic Evolution Survey 
(COSMOS)Cosmic Evolution Early Release Science Survey (CEERS) 



M*-dependence: ~19,000 JWST galaxies [Lee+ 2024]
: Majority of high-z low-M* galaxies are disk types!  Spheroids dominate for M* >1011 M⊙ 

z = 7, 6, 5 z = 2

[Park+, ApJ, 937, 15(2022)] 



IllustrisTNG with M* = 109-9.5 M⊙ 
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JWST galaxies with M* >109 M⊙ 



Summary
1. Galaxy morphology at z> 4
     - 2/3 are disks at M* <1010M⊙ !!
     - Disk formation driven by the tidal torque imprinted in the initial conditions
     - Spheroidal and irregular morphologies are incidental and transient.

2. Galaxy morphology in the cosmic noon and afternoon 
     - Disk morphology still dominates at M* <1010M⊙  
     - Spheroids dominate at high mass M* > 1011M⊙ 

3. Morphology of 19,115 JWST galaxies at z=0.6-8 
     - 60 − 70% of galaxies with M∗ < 1010 M⊙ are disks at all redshifts!
     - Strong mass dependence of morphology: Spheroids dominate for M∗ > 1011 M⊙ 
    - The fraction of irregulars is about 20% or less at all mass and redshifts.
     - Quantitative agreement with the HR5 study!





Evolution of                    
early-type galaxy fraction fE                                      
Rapid evolution of fE                         
in high-density regions                      
at z ~ 0.8 ±0.2
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~4400 Galaxies with MB<-18 
in  GOODS-North & South

Are the galaxies at 
z>1 all late types?

Recent evolution of galaxy morphology at z< 

~1

[HS Hwang & CB Park 2009]

low density

high 
density

[Hwang & Park 09]



Horizon Run 5 Cosmological Simulation [JH Lee+ 2021, ApJ, 908, 11]

(flat LCDM)

zfinal=0.625

(1049x119x127)


