
Introduction
⚫ When and how bulges formed in galaxies?
⚫ Massive quiescent galaxies at 𝑧~2 already have bulges comparable to those of 

local massive galaxies.
⚫ Proposed scenarios:
⚫ External: gas-rich mergers
⚫ Internal: clump migration

⚫ The central SF (and the bulge) is expected to be heavily obscured by dust.
⚫ So, the rest-frame UV/optical observation is strongly affected by dust attenuation.
⚫ Recent JWST/NIRCam studies indicate radial gradient of dust attenuation.

⚫ This work utilizes JWST/MIRI F770W data (rest-frame K-band) which is much less 
sensitive to dust.

Sample

⚫ 16 massive (𝑀∗ ∼ 1011−11.5𝑀⊙) dusty star-forming (𝑆𝐹𝑅𝐼R ~ 180--1400 𝑀⊙/𝑦𝑟) 
main-sequence galaxies in CANDELS UDS at 1.95 < 𝑧  < 2.53 drawn from Tadaki+20.

→ wet compaction → central SF → red nugget
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 rest-frame K-band sizes

Stacking analysis
• Image stacking of 16 galaxies in 9 JWST bands + 870 𝜇m.

• Remarkably similar to the 870 𝜇m profile. (Fig4, left)
• → Dust and old stars spatially coincide well beyond 

the PSF scale.
• Shorter bands tend to be more extended.

• Bulge+disk decomposition of the stacked galaxy in F770W
• 𝑅𝑒,𝑏𝑢𝑙𝑔𝑒  ~ 0.8 kpc, B/T ~ 0.50

• → 50% of the stellar mass is already in the compact bulge.
• SED fitting in radial bins of the stacked galaxy using CIGALE. (Fig7)

• ∑𝑀∗ and ∑SFR follow resolved MS, decreasing toward 
the outskirts.
• The central ∑𝑀∗ is comparable to QGs.

• sSFR is almost flat (~ 1.5 Gyr-1)
• Since the flat sSFR cannot produce B/T=0.5 structure, 

the bulge must have formed earlier.
• At the current sSFR, the galaxy will be comparable to 

compact quiescent galaxies within 1 Gyr (𝑧~1.6).
• 𝐴𝑉 ~ 2.6 mag at the center

• ~ 0.7 mag at 1.4 𝜇m whereas ~0.3 mag at 2.4 𝜇m
• NIRCam bands, even the longest F444W, are indeed 

affected by dust.

Individual analysis
• F770W size estimation w/ single Sersic component using GALFIT
• F770W vs. ALMA 870 𝝁𝐦 (Tadaki+20) that traces dust extent (and obscured SF) (Fig3, left):
• Excellent agreement in sizes (median ratio = 0.95) and centroids (median separation ~ 0.31 kpc), 

with 4 outliers (two bulge-forming and two AGN-hosting). 
• → Old stars and dust have similar spatial distributions.

• F770W vs. NIRCam F444W (Tadaki+23) that traces younger stellar populations (Fig3, right):
• 𝑅𝑒(F770W)/𝑅𝑒(F444W) ~ 0.77
• → It implies even F444W is affected by dust attenuation, especially at the central region.

Bulge currently forming
via compaction?

AGN?

• Rest-frame 2.4 𝜇m truly traces the stellar mass 
distribution with minimal impact from dust 
attenuation.

• Majority of the sample (dusty SFGs) at 𝑧~2 has 
already formed well-developed bulges and is 
expected to evolve into compact quiescent 
galaxies within 1 Gyr.

• Two outliers may be undergoing wet 
compaction event.

• The other two outliers may host AGN, with a 
minor contribution expected.

Unobscured 
UV clump in 
outer disk?

↑ Due to old stars?

F770W F770W residual F444W + 870 𝜇m contour
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