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Introduction

Yin et al. (2014)
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Photometric 
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→ (B/T) or (D/T) 

Spavone et al. (2017)
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Photometric 

Decomposition

Using profile fitting:

- Exponential disk 

- Classical/pseudo-

bulge

→ (B/T) or (D/T) 

Spavone et al. (2017)

Spectroscopic 

Decomposition

w/ dynamical modeling

Zhu et al. (2018)
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What about in numerical simulation?
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Input

Input

Input
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Input

Input

Galaxy!

https://www.nature.com/c
ollections/dttrsdkjww
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Input

Input

Input

Input

Input

Input

Galaxy!

How can we define the morphology 
of the simulated galaxy?
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Introduction

Dubois et al. (2016)
Du et al. (2019)

• We have (almost) every kinematic information of the particles!

• 𝑉/𝜎

• Kappa parameter (𝜅𝑟𝑜𝑡) 

• Circularity parameter (𝜖 = 𝑗𝑧/𝑗𝑐𝑖𝑟)

Abadi et al. (2003)



starbrown816@yonsei.ac.krJ. K. Jang 2

Introduction

• In observation, especially for photometry,

• Visual classification

• CAS parameter 

• Gini coefficient (G)

• Moment of light 

• etc. 

• We have (almost) every kinematic information:

• 𝑉/𝜎

• Kappa parameter (𝜅𝑟𝑜𝑡) 

• Circularity parameter (𝜖 = 𝑗𝑧/𝑗𝑐𝑖𝑟)

How well 
the visual or morphology classification t

races the kinematics of the galaxies?
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Introduction

• In simulation, all the kinematic properties are available:

• 𝑉/𝜎

• Kappa parameter (𝜅𝑟𝑜𝑡) 

• Circularity parameter (𝜖 = 𝑗𝑧/𝑗𝑐𝑖𝑟)

• In observation, especially for photometry,

• Visual classification

• CAS parameter 

• Gini coefficient (G)

• Moment of light 

• etc. 

• Profile fitting (𝑆 ƴ𝑒𝑟𝑠𝑖𝑐 profile is widely used) 

→ Structural property can be derived 

(i.e., B/T or D/T)

Indeed,
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Scannapieco et al. (2010)

The comparison between kinematically & photometrically defined morphology: 
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A huge discrepancy between the photometric D/T and the kinematic D/T:

Indeed,

Scannapieco et al. (2010)
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A huge discrepancy between the photometric D/T and the kinematic D/T:

Indeed,

small sample size 

for eight galaxies
w/ spatial res. ~ 1kpc

Scannapieco et al. (2010)
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IAP-Oxford-Yonsei collaboration

• High resolution cosmological zoom-in simulation

• 10 Mpc radius sphere 

(214 galaxies > 1e9 M⊙ at z ~ 0.17) 

• Resolution :

• dxmin ~ 34 pc,     dmstar ~ 1e4 M⊙,     dmd ~ 1e6 M⊙

• Including:

• Radiative cooling & heating

• Feedback from massive stars (Type II SN)

• MBH formation

• AGN Feedback (radio/quasar mode)
Dubois et al. (2021)  Fig.1 

NewHorizon simulation
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IllustrisTNG (

𝚫𝐱 ~ 𝟑𝟎𝟎 𝐩𝐜)
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IllustrisTNG (

𝚫𝐱 ~ 𝟑𝟎𝟎 𝐩𝐜)

NewHorizon (𝚫𝐱 ~ 𝟑𝟎 𝐩𝐜)
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Photometric 
Decomposition 

Kinematic 
Decomposition 

Spectroscopic 
Parameter

Methodology

Sample 

Selection
Result

simple & straightforward
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Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies

Photometric 
Decomposition 

Kinematic 
Decomposition 

Spectroscopic 
Parameter

Methodology

Result

simple & straightforward
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile
Un-attenuated 
luminosity map

• We assumed that the gas cells with the 

temperature T < 10,000 K contain the dust 

mixture

• We assumed Zubko et al. (2004) dust model 

for calculation 

• We used fixed dust-to-metal ratio as 0.3

• We used adaptive scheme for the number of 

the photon packet 

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies

BEFORE
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Photometric 
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Mock imaging 

Multi-component Sersic profile
Un-attenuated 
luminosity map

• We assumed that the gas cells with the 

temperature T < 10,000 K contain the dust 

mixture

• We assumed Zubko et al. (2004) dust model 

for calculation 

• We used fixed dust-to-metal ratio as 0.3

• We used adaptive scheme for the number of 

the photon packet 

Cold gas map

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies

AFTER
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

Spectroscopic 
Parameter

Gaussian conv.  (𝝈 =3 pixel) 

1 pixel = 1𝚫𝒙

- The high res. Observation

- w/ negligible sky noise

- Face-on condition 

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

Spectroscopic 
Parameter

Choose the optimal fitting by using 

Bayesian Information Criteria (BIC) value 

𝑩𝑰𝑪 = −𝟐 𝑳𝒐𝒈 𝓛 + 𝒌 𝑳𝒐𝒈 𝑵𝒅𝒂𝒕

ℒ : likelihood of the fitting 
𝑘 : total parameter number 
𝑁𝑑𝑎𝑡 : the number of the data point 

using SDSS r-band luminosity

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies

𝑛𝑑𝑖𝑠𝑘 = 1 (fixed)

𝑛𝑒𝑥𝑡𝑟𝑎 ∈ (0.5,10]𝟏 − 𝟒 𝑐𝑜𝑚𝑝
𝑆 ƴ𝑒𝑟𝑠𝑖𝑐 𝑓𝑖𝑡𝑡𝑖𝑛𝑔

1 𝛥𝑥 < 𝑅 < 𝑅90

1-dimensional radial 𝚺 profile

using MCMC

wellness of fitting penalize term
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Multi-component Sersic profile
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Spectroscopic 
Parameter

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 
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• Exclude irregular/interacting 
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wellness of fitting penalize term
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

ML Clustering 

(Gaussian Mixture Model; GMM)

Spectroscopic 
Parameter

1.

2.

3.

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

ML Clustering 

(Gaussian Mixture Model; GMM)

Spectroscopic 
Parameter

𝒋𝒛 / 𝒋𝒄𝒊𝒓(𝒆) rotating 

component 

of the angular 

momentum

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies
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Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

• 𝑁𝑔𝑟𝑜𝑢𝑝 = 4 − 15

→ we assume that 6 is 
the minimum value for 
successfully identifying 
the intrinsic structure of 
the galaxies. 

→ 𝑁𝑔𝑟𝑜𝑢𝑝 = 6

rotating component of AM
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dominated
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dominated

Abadi et al. (2003)

• 𝑁𝑔𝑟𝑜𝑢𝑝 = 4 − 15

→ we assume that 6 is 
the minimum value for 
successfully identifying 
the intrinsic structure of 
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→ we assume that 6 is 
the minimum value for 
successfully identifying 
the intrinsic structure of 
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𝐽𝑧/𝐽𝑐𝑖𝑟 𝑒 > 0.5 

: Disk component 

𝐽𝑧/𝐽𝑐𝑖𝑟 𝑒 < 0.5

: Spheroid



starbrown816@yonsei.ac.krJ. K. Jang 13

Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

rotating component of AM

Dispersion 

dominated

Rotation 

dominated

𝐽𝑧/𝐽𝑐𝑖𝑟 𝑒 > 0.5 
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𝐽𝑧/𝐽𝑐𝑖𝑟 𝑒 < 0.5

: Spheroid

𝐽𝑧/𝐽𝑐𝑖𝑟 𝑒 < 0.5

: Spheroid, 
centrally 

(very much) 

concentrated  

• 𝑁𝑔𝑟𝑜𝑢𝑝 = 4 − 15

→ we assume that 6 is 
the minimum value for 
successfully identifying 
the intrinsic structure of 
the galaxies. 

→ 𝑁𝑔𝑟𝑜𝑢𝑝 = 6
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

ML Clustering 

Spectroscopic 
Parameter

Voronoi Tesselation

Spin Parameter

Galaxy Sample

• 109.5 M☉ < 𝑀∗

• At 3 different redshift 

(0.70, 0.30, 0.17)

• Exclude irregular/interacting 

galaxies

• At least 5 stellar particles 

contained in 1 Voronoi cell

• Measured at 

3 different inclination 

(30, 60, and 90 deg)

• Using the values 

at the effective radius (𝑅𝑒𝑓𝑓)
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Result

(finally!)
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

• Visual morphology?

→ Reasonably good correlation 

with the kinematically defined disk-to-total ratio

(Pearson correlation coefficient 𝑟 ~ 0.8)

Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

Spectroscopic 
Parameter

Voronoi Tesselation

Spin Parameter

Kinematic Disk-to-Total ratio

Morphology 

Index

Irr

Disk

S0

Ell
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

Voronoi Tesselation

Spin Parameter

Spectroscopic 
Parameter

The 𝜆𝑅,𝑒 spin parameter and 𝑉/𝜎 𝑒

show a tight correlations with the kinematic Disk-to-Total ratio

Kinematic Disk-to-Total ratio Kinematic Disk-to-Total ratio
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Photometric 
Decomposition 

Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

Spectroscopic 
Parameter

Voronoi Tesselation

Spin Parameter

• We find there’s a lot of single component-like (nearly exponential) galaxies

• Including low-mass galaxies, the correlation is mildly weak (𝑟 = 0.35 𝑎𝑛𝑑 0.42)

Kinematic Disk-to-Total ratio
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Including
Low mass galaxies

𝟏𝟎𝟗.𝟓 𝑴⊙ < 𝑴∗

Red dots: 1-comp

Yellow dots: 2-comp (optimal fit)

Blue dots: 3-comp

Blue line: with 1-comp gals

Green line: without 1-comp gals

Magenta diamond:

gals from Scannapieco et al. (2010)
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Photometric 
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Mock imaging 

Multi-component Sersic profile

Kinematic 
Decomposition 

3-dimensional phase-space

(𝐽𝑧/𝐽𝑐𝑖𝑟(𝐸), 𝐽𝑝/𝐽𝑐𝑖𝑟(𝐸), E/|𝐸𝑚𝑎𝑥|)

ML Clustering 

(Gaussian Mixture Model; GMM)

Spectroscopic 
Parameter

Voronoi Tesselation

Spin Parameter

Kinematic Disk-to-Total ratio
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Only with 
High mass galaxies

𝟏𝟎𝟏𝟎.𝟑 𝑴⊙ < 𝑴∗

Red dots: 1-comp

Yellow dots: 2-comp (optimal fit)

Blue dots: 3-comp

Blue line: with 1-comp gals

Green line: without 1-comp gals

• Including low-mass galaxies, the correlation is mildly weak (𝑟 = 0.35 𝑎𝑛𝑑 0.42)

• Using only high-mass galaxies, the correlation is quite strong (𝑟 = 0.65 𝑎𝑛𝑑 0.73)
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Summary

• The kinematic disk-to-total ratio reasonably agrees with visual inspection

• The spectroscopic parameters exhibited tight correlations with the kinematic disk-to-total ra
tio. 

• The 𝜆𝑅 spin parameter indicated correlation coefficients in the range of 0.7–0.8, depend
ing on the inclinations. Similarly-good correlations were found for V/σ.
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Summary
• The photometric disk-to-total ratio showed a poor correlation with the kinematic ratio, and 

a substantial offset existed.

• The photometric decomposition failed to accurately recover the structural composition of g
alaxies, which seemed more serious for low-mass galaxies that are often classified as pure 
disks.

• While the offsets did not change much, the correlation between the kinematic and 
photometric disk-to-total ratios became substantially stronger 
if we removed the low mass galaxies.
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Thank you!

starbrown816@yonsei.ac.kr
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