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J2048 provides insight into early galaxy/BH evolution.
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Fig3: Fitting to the GMOS spectrum + archived photometry. 

 Properties obtained from the entire galaxy
 Fig2: Fitting to the GMOS optical spectrum.

 Properties of the central region of the galaxy, and Comparison with z>4 LRDs

• Outflow (primary): v ~ -500 km/s
• Ionized by AGN (from [OIII]/Hβ ratio)
• Marginally extended (~1.8kpc)

• Outflow (secondary): v ~ -2250 km/s
• Ionized by AGN (from [OIII]/Hβ upper limit)
• Spatially unresolved  compact than the primary

• BLR (Hα): FWHM ~ 10,000 km/s
• Combined with 𝐿ହଵ଴଴  𝑀஻ு ~ 10ଵ଴.ଶ𝑀⊙

• Spatially extended (~2.5kpc) narrow lines
• Ionized by young stars (from BPT)
• 𝑆𝐹𝑅 ~ 140 𝑀⊙/𝑦𝑟, 𝐴௏ ~ 2.5 mag (from Balmer decr.)

• Evolution scenario: “early and rapid BH growth” and 
“suppressed stellar buildup via outflow feedback” 
result in an overmassive BH.
• J2048 is likely a descendant of massive z>4 LRDs.
• The growth of 𝑀௦ was probably suppressed by 

AGN feedback and mergers at z~2, resulting in 
very high 𝑀௦/𝑀஻ு ratio at z~0.4.

• The host cannot increase 𝑀௦ sufficiently (100x) from 
z=0.4 to 0.
•  J2048 will not reach the local relation.

 Little Red Dots (LRDs)
 Discovered by JWST at z > 4
 Host AGN (broad line signature)
 Weak NIR/MIR emission and non-detection by ALMA  no hot/warm 

dust heated by AGN torus?
 V-shape SED (blue in UV and red in opt)  due to star formation? AGN?
 Detailed study is difficult due to the distance/compactness.

 This study identifies a low-z LRD analog, J2048, at z ~ 0.4.
 Parent sample: AKARI+SDSS ULIRGs
 Observations: R~1000 GMOS IFU (5”x7” with 0.2”/pix ~ 1 kpc/pix)
 Archival SDSS/2MASS/WISE/IRAC+MIPS photometry

 Similar to high-z LRDs, J2048 shows V-shape SED and has compact, red 
continuum, and hosts overmassive BH.

 J2048 can be a good target to interpret the properties of high-z LRDs, and 
to understand the formation and rapid growth of BHs in the early universe.

• Rest UV-optical SED 
• is dominated by young stars.
• shows V-shape continuum.
•  blue UV is formed by star formation, not AGN.

• Rest MIR (AGN dust torus) is detected.
• Too faint to be detected at z>4.
• Consistent with non-detection for high-z LRDs.

• Redder than z>4 LRDs.
• Due to higher extinction (𝐴௏,௉௅ ~ 6.3).
•  JWST may miss such highly obscured AGNs at z>4.

• Young Stellar Population (YSP)
• 𝑀௒ௌ௉ ~ 10ଽ.ଽ𝑀⊙,  𝑆𝐹𝑅 ~ 400 𝑀⊙/𝑦𝑟 (𝑆𝐹𝑅ூோ  ~ 450)

• Old Stellar Population (OSP)
• 𝑀ைௌ௉ < 10ଵଵ 𝑀⊙

• Slow growth (z>4)
• Quenched (z~2)
• Starburst (z~0.4)

• Already massive (z>4)
• Further growth (via 

mergers?) (z~2)
• Still grows (super 

Eddington) (z~0.4)

 Fig4: SED of the central (unresolved) region.

 Fig6: Mass growth.

• J2048’s BH is 100x 
massive than the 
local E/S0 relation.

𝑀௦ vs. 𝑀஻ு 𝑀஻ு evolution 𝑀௦ evolution

?

Terminated soon due 
to the strong outflow.
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Narrow emission lines
• [OII], [OIII], Hβ, Hα, [NII], [SII]
• 𝐴௏ ~ 2.5
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Power-law continuum from disk
• 𝐴௏,௉௅ ~ 6.3
• Attenuated by dust outside the torus.

NIR/MIR emission from torus
• J2048 (or LRDs) may have a thinner 

torus than typical?
• MIR emission becomes weak?

Outflow #1
• [OII], [OIII], Hβ, Hα, [NII], [SII]
• 𝐴௏ ~ 3.9

Broad emission line
• Hα
• 𝐴௏ > 6


