
⚫ Multi-color photometric catalogs indicate the presence of a larger number of 
most massive galaxies than previously been spectroscopically confirmed at 
3<z<4.

⚫ Those number densities (high-mass end of the stellar mass function) are 
significantly higher than simulations. 
→ called ‘impossibly early galaxy problem’.

⚫ Spectroscopic confirmation is needed to clarify the cause: the simulations are 
missing something? Or more simply, photo-z (zphot) are overestimated?

⚫ Using Keck/MOSFIRE and NIRES, spec-z (zspec) are obtained for 16 most 
massive (and less massive) galaxies at 3 < zphot < 4 in three deep photometric 
fields (COSMOS, XMM, CDF-S). 

⚫ FAST++ is used to obtain best-fit SED models.

Spectroscopic confirmation of misidentification of Ultra-massive galaxies at z~3-4

 Fig.1: Ultra-massive galaxies (UMG; 11<logM*<11.7) and Super-UMG (S-UMG; 11.7<logM*).

 Fig.5: Comparison of properties obtained from SED 
fitting w/ and w/o spectroscopic data. 

• UMGs show good agreement b/w photometric 
and spectroscopic results.

• S-UMGs have huge deviations (lower-z, lower-
M*). None of them have |zspec – zphot| < 0.5.

→ Photometric data alone would produce more 
massive galaxies at higher z.

→ High-mass end of the stellar mass function at early 
universe would become inaccurate and unreliable. 

Fig.8: Number densities of UMGs and S-UMGs.
UMGs are almost consistent with the literature 
and simulations.
S-UMGs will agree with simulations by correcting 
for the misidentifications.

Fig.3: Multiple emission line fitting

Fig.4: Photometric & continuum spectral SED fitting (but without lines) with z fixed at zspec.

Fig.2: Photometric SED fitting 

• Redder, massive populations may be missing from 
current SED models.

• Also, those galaxies have similar JWST/NIRCam 
colors with z~2 hot DOGs (dust-obscured galaxies).

→ Although MBFs and NBFs may reduce the severity 
of this issue, JWST/NIRSpec confirmation is crucial.
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Possible contributions to the fitting failure:
• Emission lines from SF and AGN
• Degeneracies b/w redshift, extinction, 

and AGN activity (?)

https://arxiv.org/abs/2404.19018
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