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MethodologyMethodology
● GIZMO (Hopkins 2017),  Plank Collaboration et al. (2016) ΛCDM model 
● Zoom-in cosmological simulations

● Identical mass halos  Mvir ~ 1010 M , ⊙  high/low spin
● Resolution: ~ 74 pc (gas) and 118 pc (stars)  at z=2
● Cooling and heating: KROME (Grassi et al. 2014), including photoheating, H2 

UV pumping, Compton cooling, photoelectric heating, atomic cooling, H2 
cooling, and both chemical heating and cooling.

● Star formation: a turbulence-driven approach as described by Lupi et al. 
(2018).

● Black hole:

► “sub-grid” torques-driven accretion model (Hopkins & Quataert 2011) 

► Using minimum halo mass for BH seeding (MHaloMin)

► AGN wind feedback characterized by two parameters: the mass loading β and 
the wind velocity v 
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:  Results Galaxy General:  Results Galaxy General
[* [* =4-2, 1.8z Gyr=4-2, 1.8z Gyr]]
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   .with the BH models   .with the BH models
4



  

: 4 6 2Example BHs hl v L: 4 6 2Example BHs hl v L

5



  

: 4 6 2Example BHs hl v L: 4 6 2Example BHs hl v L

   Correlation between SFR   Correlation between SFR
( )    blue and gas fraction( )    blue and gas fraction
( ):   red galaxy experience( ):   red galaxy experience

 ,  frequent starbursts a ,  frequent starbursts a
  phenomenon associated  phenomenon associated

  . with galaxy quenching  . with galaxy quenching
5



  

: 4 6 2Example BHs hl v L: 4 6 2Example BHs hl v L

   Correlation between SFR   Correlation between SFR
( )    blue and gas fraction( )    blue and gas fraction
( ):   red galaxy experience( ):   red galaxy experience

 ,  frequent starbursts a ,  frequent starbursts a
  phenomenon associated  phenomenon associated

  . with galaxy quenching  . with galaxy quenching

(Wang et al. 2020)
5



  

: Results M: Results M••−M−M⋆⋆

6



  

: Results M: Results M••−M−M⋆⋆

•−       M M range overlap with JWST spectroscopic⋆•−       M M range overlap with JWST spectroscopic⋆
    . (2023),   . (2024), data from Harikane et al Yue et al    . (2023),   . (2024), data from Harikane et al Yue et al
  . (2023)    . (2024).Ding et al and Maiolino et al  . (2023)    . (2024).Ding et al and Maiolino et al

6



  

: Results M: Results M••−M−M⋆⋆

•−       M M range overlap with JWST spectroscopic⋆•−       M M range overlap with JWST spectroscopic⋆
    . (2023),   . (2024), data from Harikane et al Yue et al    . (2023),   . (2024), data from Harikane et al Yue et al
  . (2023)    . (2024).Ding et al and Maiolino et al  . (2023)    . (2024).Ding et al and Maiolino et al
  : /    Two distinct branches high low AGN wind  : /    Two distinct branches high low AGN wind

 velocities velocities 6



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient
  Gini and M  Gini and M2020,      . as proposed by Abraham et al,      . as proposed by Abraham et al

(2003)    . (2004)and Lotz et al(2003)    . (2004)and Lotz et al

7



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient
  Gini and M  Gini and M2020,      . as proposed by Abraham et al,      . as proposed by Abraham et al

(2003)    . (2004)and Lotz et al(2003)    . (2004)and Lotz et al
:  →1:   0:G inequality highly concentrated diffuse:  →1:   0:G inequality highly concentrated diffuse

MM2020: 2 -         nd order moment of brighest regions: 2 -         nd order moment of brighest regions
    → :      low brightest regions centrally    → :      low brightest regions centrally
            concentrated            concentrated
      :   high brightest regionsspread out      :   high brightest regionsspread out

7



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient
  Gini and M  Gini and M2020,      . as proposed by Abraham et al,      . as proposed by Abraham et al

(2003)    . (2004)and Lotz et al(2003)    . (2004)and Lotz et al
:  →1:   0:G inequality highly concentrated diffuse:  →1:   0:G inequality highly concentrated diffuse

MM2020: 2 -         nd order moment of brighest regions: 2 -         nd order moment of brighest regions
    → :      low brightest regions centrally    → :      low brightest regions centrally
            concentrated            concentrated
      :   high brightest regionsspread out      :   high brightest regionsspread out

      Classification criteria based on the HST      Classification criteria based on the HST
      ( ) Survey of the Extended Groth Strip EGS      ( ) Survey of the Extended Groth Strip EGS

 0.2< <1.2 (   . 2008):from z Lotz et al 0.2< <1.2 (   . 2008):from z Lotz et al

7



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient

8



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient
    we chcek mereger by    we chcek mereger by

   examining actual nearby   examining actual nearby
     galaxies within a radius of     galaxies within a radius of

10 /   2< <4.kpc h through z10 /   2< <4.kpc h through z

8



  

: /Results Gini M: /Results Gini M2020 coefficient coefficient
    we chcek mereger by    we chcek mereger by

   examining actual nearby   examining actual nearby
     galaxies within a radius of     galaxies within a radius of

10 /   2< <4.kpc h through z10 /   2< <4.kpc h through z

    Compared to typical low    Compared to typical low
 ,   redshift galaxies our high ,   redshift galaxies our high
  (  > 2)  redshift galaxies z tend  (  > 2)  redshift galaxies z tend

     to be more concentrated and     to be more concentrated and
    many exhibit flattened bright    many exhibit flattened bright
. centers. centers

8



  

:  Results CAS statistics:  Results CAS statistics
  :CAS system  :CAS system

►  ( )Concentration C ( )Concentration C
►  ( ),Asymmetry A ( ),Asymmetry A
► /  ( ) Smoothness Clumpiness S/  ( ) Smoothness Clumpiness S
—    -another set of non—    -another set of non

   parametric galaxy morphology   parametric galaxy morphology
  . statisticsBershady et al  . statisticsBershady et al

(2000)(2000)

9



  

:  Results CAS statistics:  Results CAS statistics
  :CAS system  :CAS system

►  ( )Concentration C ( )Concentration C
►  ( ),Asymmetry A ( ),Asymmetry A
► /  ( ) Smoothness Clumpiness S/  ( ) Smoothness Clumpiness S
—    -another set of non—    -another set of non

   parametric galaxy morphology   parametric galaxy morphology
  . statisticsBershady et al  . statisticsBershady et al

(2000)(2000)

 ,   For concentration all galaxies ,   For concentration all galaxies
     are located within a narrow     are located within a narrow

  1 <  < 4range of C  1 <  < 4range of C

9



  

:   Results Sersic fitting:   Results Sersic fitting
&  Rotational support&  Rotational support

1   D Sersic1   D Sersic (1963)  Profile fitting(1963)  Profile fitting

KKrotrot,     . (2012):defined by Sales et al,     . (2012):defined by Sales et al

          fraction of the stellar kinetic energy that is in ordered          fraction of the stellar kinetic energy that is in ordered
rotationrotation

10



  

:   Results Sersic fitting:   Results Sersic fitting
&  Rotational support&  Rotational support

1   D Sersic1   D Sersic (1963)  Profile fitting(1963)  Profile fitting

KKrotrot,     . (2012):defined by Sales et al,     . (2012):defined by Sales et al

          fraction of the stellar kinetic energy that is in ordered          fraction of the stellar kinetic energy that is in ordered
rotationrotation

  :    (  < 2),  Models with BH low Sersic indices n and  :    (  < 2),  Models with BH low Sersic indices n and
   (κ   0.3  intermediate rotational support rot between and   (κ   0.3  intermediate rotational support rot between and

0.6).0.6).

10



  

:  &  Results Mergers tidal interactions:  &  Results Mergers tidal interactions

   We define a   We define a
 : major merger : major merger

  
.I.I    The stellar mass   The stellar mass

 < 3 ratio < 3 ratio
.II.II   50%  At least of  50%  At least of

   the stellar mass   the stellar mass
   of the merging   of the merging

  galaxy must  galaxy must
  ultimately merge  ultimately merge

   into the main   into the main
galaxygalaxy

11



  

:  &  Results Mergers tidal interactions:  &  Results Mergers tidal interactions

   We define a   We define a
 : major merger : major merger

  
.I.I    The stellar mass   The stellar mass

 < 3 ratio < 3 ratio
.II.II   50%  At least of  50%  At least of

   the stellar mass   the stellar mass
   of the merging   of the merging

  galaxy must  galaxy must
  ultimately merge  ultimately merge

   into the main   into the main
galaxygalaxy

11



  

:    Results Surface photometry and:    Results Surface photometry and
morphologymorphology

 -      3   We post processed the galaxies with the D radiative -      3   We post processed the galaxies with the D radiative
   (   . 2003),  transfer code SKIRT Baes et al applied   (   . 2003),  transfer code SKIRT Baes et al applied

  ,    redshifting and pixelization and generated synthetic  ,    redshifting and pixelization and generated synthetic
    200  .images using the JWST F W filter    200  .images using the JWST F W filter

12



  

:    Results Surface photometry and:    Results Surface photometry and
morphologymorphology

 -      3   We post processed the galaxies with the D radiative -      3   We post processed the galaxies with the D radiative
   (   . 2003),  transfer code SKIRT Baes et al applied   (   . 2003),  transfer code SKIRT Baes et al applied

  ,    redshifting and pixelization and generated synthetic  ,    redshifting and pixelization and generated synthetic
    200  .images using the JWST F W filter    200  .images using the JWST F W filter

Smearing effects due to 
the limitations imposed 
by instrument pixel size 
and PSF convolution. 
 
                 ↓

nearly all of our galaxies 
exhibit larger half-light 
radii in luminosity images 
compared to density 
images 
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