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Figure 1. Transmissions of the seven NIRCam broadband
filters (cyan: FO90W, blue: F115W, green: F150W, yellow:
F200W, orange: F27TW, magenta: F356W, red: F444W)
together with three spectra of star-forming galaxies at z =
9.0, 12.0, and 17.0 from the Bruzual & Charlot (2003) library
(black lines).

Table 4. Limiting Magnitudes and PSF FWHMSs of the JWST NIRCam Images for Size Analysis

50 Depth / 10 Depth / PSF FWHM

Field F150W F200W F27TTW F444W
GLASS 204 /286 /070704 29.5 / 28.7 / 00776 29.6 / 28.8 / 01605
CEERS 29.7 / 289 / 070795 29.5 / 28.7 / (//1218

SMACS J0723 29.8 / 29.0 / 070765
Stephan’s Quintet 28.0 /272 /000771 28.7 /279 / 01197

NOTE Limiting magnitudes are measured with randomly distributed (/2 diameter circular apertures
(Harikane et al. 2022).
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Figure 9. Same as Figure 8, but for bright F200W
dropouts (z ~ 12 galaxy candidates).
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Figure 10. Same as Figure 8, but for bright F27T7TW
dropouts (z ~ 17 galaxy candidates).
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Figure 18. SFR surface density Xspr vs. stellar mass Mo . The orange, magenta, and red open circles show bright objects
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ABSTRACT

We measure optical colors for the bulges of 312 disk galaxies from the Carnegie-Irvine Galaxy Sur-
vey and convert their previously available R-band structural parameters to stellar mass parameters.
We also measure their average stellar mass surface density in the central 1kpe (£;). Comparing the
mass-based Kormendy relation with the original one based on flux, we find that the majority of the
classifications into classical and pseudo bulges, as well as their overall statistical properties, remain
essentially unchanged. While the bulge type classifications of the Kormendy relation are robust against
stellar population effects, the mass-based classification criteria do produce better agreement between
bulge structural properties and their stellar populations. Moreover, the mass-based Kormendy rela-
tion reveals a population of ultra-dense bulges akin to high-z compact early-type galaxies, which are
otherwise hidden in the original Kormendy relation. These bulges are probably relics of spheroids
assembled in the early Universe, although for some we cannot rule out some contribution from secular
growth. We confirm previous studies that ¥, correlates well with bulge surface densities.



[loBepXHOCTHAA NNOTHOCTb
cdoepounaoB: rncesaobanmxu
ONPdPy3HbI!

11
T
E. 10
o)
=
h"
. g
g
8
15 -10 05 00 05 10 15 15 10 H5 00 05 1.0 1.5
log {r./kpc) log {r, . /kpc)

Figure 2. The Kormendy relation of ellipticals and bulges (labeled E and B, respectively), shown in the traditional flux-based
units in the R band (left) and stellar mass units (right). The dashed and dotted lines represent the best-fit relation and
its 3o boundary of ellipticals (filled black squares). The filled circles in the left panel are bulges color-coded based on their
B — R color. In the right panel, the filled blue circles and open red circles are pseudo bulges (labeled PB) and classical bulges
(labeled CB), respectively, classified using the flux-hased Kormendy relation; the filled magenta circles are ultra-dense bulges
(labeled UDB; Section 4.2.3); the smaller greenish/blueish squares are high-z ETGs color-coded according to their redshift and
LOESS-smoothed. Representative error bars are given in the lower-left corner.
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Figure 4. Comparison of structural parameters of classical (reddish) and pseudo (blueish) bulges classified using the original
(dot-dashed histograms; Gao et al. 2020) and the new (solid histograms) mass-based Kormendy relation. From left to right,
top to bottom, the panels display distributions of H-band bulge-to-total flux ratio, bulge-to-total mass ratio, average effective
surface brightness ({p.)), Sérsic index (n), apparent ellipticity (e), and effective radius (r.) of the bulge.



