Probing High Redshift Quasars
with SPHEREX

Rest Frame Optical Properties and Physical Implications

>
o

The 9th KAIST — KASI Network Meeting

Minjae Kim
Undergraduate Student, Department of Physics, KAIST

Supervised by Junhan Kim (KAIST; ObsCAL) & Bomee Lee (KASI; SPHEREX)




Research Overview

Interest: Galaxy Formation and Evolution
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From Simulation to Observation

Simulation-based CGM research sparked a growing interest in
observational data analysis
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Motivation: Why High-z Quasars with SPHEREX?
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Bock et al. (2026) The SPHEREXx satellite mission
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Motivation: Why High-z Quasars with SPHEREX?

Good sensitivity

Poor sensitivity
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At B5 & B6, its spectral resolving power is relatively good despite its poor sensitivity.
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Motivation: Why High-z Quasars with SPHEREXx?

For luminous high-z quasars, SPHEREXx
can probe the Ha signature with

better spectral resolving power.

We estimated rest-frame optical

properties to get physical implications.

G Type-1 Quasar

[ SMBH: M ~ 10° M, |

Dust sublimation radius

Ho (and HB) is crucial for identifying central blackhole characteristics.



Motivation: Why High-z Quasars with SPHEREX?

Liu et al. (2025) A JWST/NIRSpec Integral Field Unit Survey of Luminous Quasars at z ~ 5—6 (Q-IFU)
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Composite spectrum of z ~ 5 — 6 quasars through JWST

If 5.0<z<6.5, Ha lies in B5 — B6 of SPHEREx where its resolving power is relatively better.
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Sample Selection

Ross and Cross (2020) _ . _ _
https://arxiv.org/pdf/1906.06974 N\ Samples are matched to SPHEREx according to its coordinates & redshift.
SPHEREXx High-z Quasar Sample (N = 1,040)
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Sample Selection

SPHEREX High-z Quasar Sample on Sky (N = 1,040)
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Mollweide equal-area projection of all N = 1,040 quasars with successful SPHEREx spectral extractions.
The gray band indicates the Galactic plane, where quasar detections are sparse due to high dust extinction.
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Methodology: Continuum + Single Gaussian

Originally, modeling spectral energy distribution (SED) of quasars encompasses complex
compositions. (e.g. Fe Il psudo-continuum, [O Ill] doublets, [N II] doublets.)
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Methodology: Continuum + Single Gaussian

Due to its low spectral resolution, we used single gaussian to model Ha and simple

power law to model continuum.

- To avoid overfitting.

- But, our fitting should be uncertain because of our low spectral resolving power.

- How to evaluate uncertainty of fitting? Noise — injection MC approach!

Goal: Estimation of physical properties of central BH



Validation Check with cross-matching

With N = 14 samples with the Ha (or HB) catalog value, we cross-matched to validate

our fitting method™. Here, we didn’t care the data quality that much. Just to evaluate our fitting method*
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Validation Check: Continuum

Ls100 is estimated in our fitting, but inferred from Ls;o0 = Lpo1/9.26 in catalog, L3¢ is inferred from extrapolation in our fitting to compare L3 in catalog.

Reliable subsample refers to the fitted results that satisfied quality check criteria.
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Validation Check: Ha Gaussian
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Validation Check: Ha Gaussian
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Spectrum fitting examples of cross-matched samples with Liu et al. (2025)
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Preliminary Results: FWHM and BH Mass
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Preliminary Results: FWHM and BH Mass
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BH mass estimation (left) and comparison with redshift (right)
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Preliminary Results: Eddington ratio
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Conclusion & Future Works

1. We demonstrate that SPHEREx can probe rest-frame optical spectral features of
high-redshift quasars.
2. This enables estimates of key physical parameters — BH mass and Eddington ratio

— offering insight into the early growth of supermassive black holes.

Future Work
- Refine quality-check criteria for the fitting method
- Expand the sample and compare with previous studies for more statistically robust

conclusions
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Appendix: Current Fitting Rule

Rule: chi-square minimization with constraint

Bound: 0 £ 10000 km/s, |z — zsys| <0.1

- 50 noise-injected MC to find best-fit model

- Corrected instrumental broadening from weak spectral resolving power

- Evaluate fitting mechanism cross-matching with values from JWST study (Liu 2025)

- Key parameter: FWHM of Ha, Lo from continuum model



Appendix: How to Estimate Physical Implications
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