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High Redshift Quasar

see review by Inayoshi, Visbal & Haiman (2020)

z~6 quasars are powered by massive black hole

The seed of high redshift quasar is unclear
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Feedback

see review by Kormendy & Ho (2013), Inayoshi et al. (2022)

The local BH-galaxy mass relation can be explained 

by feedback

The growth at high-z is unclear
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The ὓ ὓ  Relation

Pre-JWST,  the z>6 relation is based on 

dynamical mass

Stellar mass measurements are only robust to z~2 Pensabene et al. (2020), Ding et al. (2020)
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Observe Quasar Host with JWST

Based on multi-band JWST images, the stellar mass can be constrained

If the number of filters are limited, the other SED parameters have large uncertainty 

Ding et al. (2023)



More Luminous Quasars

Simulated z~6 quasar spectrum

Difficulty: AGN dominates the galaxy flux

Motivation: using all the data available Stone, Lyu, Rieke, et al. (2023), Yue, Eilers & Simcoe (2024) 5

No obvious extended emission after PSF subtraction

Still detectable by careful imaging decomposition 



ÁMulti-wavelength images ï  SED

ÁMulti-resolution images ï Use all information

Peng, Ho, Impey, et al. (2010), Haußler, Bamford, Vika, et al. (2013), Stone, Courteau, Cuillandre, et al. (2023)

How to derive their physical properties?

Using the model from the deepest band

e.g. Zhao, Ho, Shangguan, et al. (2021)

Galaxy morphology varies with ‗

Perform AGN-Host decomposition with 

multi-band images (GALFITM)

e.g. Zhuang & Ho (2023)

Need to have a uniform pixel scale, also 

the morphological priors are unphysical

Fit images with different pixel scale

(Astrophot, Forcephot )

Need physical priors, unresolved bands

Why We Need a New Software
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GalfitS
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A Python-jax based software performing 

simultaneous morphological & SED 

decomposition with multi-wavelength 

astronomical data

https:// ruancunli.github.io / GalfitS-Public/

IFU data

Physical

properties
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Decompose Galaxy Pairs
F13136+6223, 1:
B/T πȢυς πȢπψ
logὓz ρρȢυυ πȢπςὓἄ
SFR πȢρφ πȢπρ ὓἄȾώὶ

F13136+6223, 2:
B/T πȢπφ πȢπς
logὓz ρπȢψτ πȢπςὓἄ
SFR πȢτω πȢπς ὓἄȾώὶ

Background galaxies:
1: ᾀ πȢψρ πȢπσ
logὓz ρπȢτσ πȢπυὓἄ
2: ᾀ πȢυρ πȢπς

logὓz ρρȢυσ πȢπωὓἄ
3: ᾀ πȢπφφπȢππσ
logὓz ρπȢυρ πȢπτὓἄ

Foreground stars:
1: Ὕ φστψυπ ὑ
logὫ ςȢςω πȢςπὫἄ
2: Ὕ φςπφφπ ὑ

logὫ ρȢσς πȢςτὫἄ
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AGN Host Galaxy

Nucleus

Bulge Disk

A full AGN model is implemented in GalfitS

Combining images with different resolution/depth

N

E



UV-MIR SED of Quasar Host
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I Zw 1 have a spiral arm which perturbed by 

the companion. The arm has logὓzȾὓἄ = 

9.45, and relatively young (age ~ 2.5 Gyr)



Nuclear SED
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Combining GalfitS imaging analysis with 

spectrum can effectively extract pure 

accretion disk SED

Fitting with simultaneous X-ray spectrum

Folloing method in Li, Ho & Ricci et al (2024)

We get ὓ πȢρυὓἄȾώὶ
 
Li et al. in prep, Rongôs talk on Thursday
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Review by : Fan, Banados & Simcoe (2023)

Still valid at high redshift?



Input-output Test
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Single-band

logὓzȾὓἄ = 10.64

Re = 0.97 kpc 

n = 0.70

CEERS 403 logὓzȾὓἄ = 9.64 πȢπσ 
Re = 1.01 πȢπψ  kpc,   n = 0.86πȢρς 

Creating mock quasars

With same SED, varying L

3-band

logὓzȾὓἄ = 9.77

Re = 0.99 kpc 

n = 0.73

7-band

logὓzȾὓἄ = 9.65

Re = 0.99 kpc 

n = 0.79



Input-output Test
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Select pure galaxy  in 

CEERS field

Create more than 4000 

mock quasars with 

different L, PSF models

Applying GalfitS on 31 

4<z<7 quasars 

For a sample of 15 high-luminosity

and 16 low-luminosity quasars,  

GalfitS successfully detects 30/31 

quasar host galaxy

Detectability is improved with more bands
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Input-output Test

When the filter number is limited, we also consider astrophysical priors

GalfitS can reasonably well fit the geometric parameters, n, Re etc
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Astrophysical Priors

How to parametrize the host galaxy?

Assumption: Similar as normal galaxies

SFH,  Wang et al. (2024) 
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Astrophysical Priors

Mass-size relation,  Allen et al. (2025)

Mass-extinction relation,  Maheson et al. (2024), 

Shapley et al.  (2023) 

Mass-metalicity relation, Nakajima et al, (2023)
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High-z Quasar


