A 2z~ (0.4 Little Red Dot analog: An Extended Starburst with an Overmassive Black hole
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ABSTRACT

One of the most remarkable discoveries of JWST is a population of compact, red sources at z > 4,
commonly referred to as Little Red Dots (LRDs). Spectroscopic identifications reported that most
LRDs are active galactic nuclei (AGNs), which are preferentially found around z ~ 6 and could imply
a key phase in the formation and growth of black holes (BHs) in the early universe. Photometric surveys
at lower redshift have recently heen carried out to trace their evolution across cosmic time, and a small
number of LRDs have heen spectroscopically identified at both Cosmic Noon and in the local universe.
Here we report the discovery of one of the lowest-z analogs of LRDs, J204837.26-002437.2 (hereafter
J2048) at z = 0.4332, using new Gemini-N/GMOS IFU ohservations combined with archival multi-
band photometric SED data. The GMOS data reveal extended blue emission from starburst with a
star formation rate of 400 M yr—!, together with an extended, highly fast ionized outflow. This is the
first spectroscopic confirmation of extended host emission and ontflow in an LRD-like galaxy, providing
a unique laboratory for understanding the nature of their high-redshift counterparts. Moreover, J2048
would host an extremely overmassive BH with a BH-to-stellar mass ratio of =~ 0.6, with the BH mass
and host stellar mass estimated to be 10192 and 10104 M respectively. We discuss the origin and
evolutionary fate of J2048, and the implications that such low-z analogs have for interpreting the
properties of high-z LRDs.
® Little Red Dots (LRDs)

® Discovered by JWSTatz>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, 12048, 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, 12048 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.
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Figure 2. Bestfit results of the pure spectral fitting (Section 3.1) for the GMOS spectrum of the entire galaxy with fitting |
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Fig3: Fitting to the GMOS spectrum + archived photometry. =
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O Properties of the central region of the galaxy, and Comparison with z>4 LRDs
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Figure 4. Best-fit models of the simultancous spectrum-+SED fitting for J2048 in the unresolved (r < 2kpc) region of J2045. @ >,

The unresolved SED (orange thick line) is obtained by subtracting the best-fit models of the extended outskirt region (Figure Redder than z>4 LRDs.

5 and A3) from the best-fit SED of the entire galaxy (Figure 3). The best-fit power-law models for the unresolved SED are . : : . ( )
shown in purple dotted (UV, < 3500 A) and green dash-dotted lines (optical, 40006500 A), respectively. The stacked SED of Due tO hlgher ethnCtlon AV,PL ~ 63 .
LRDs in JADES (Pérez-Gonzdlez et al. 2024) and COSMOS-Web surveys (Akins et al. 2024) are shown in grey thick cu

and squares, respectively; the upper limits of LRDs in COSMOS-Web survey are shown in grey triangles. All stacked 51-_0“;: ® 9 JWST may miss such hlghly obscured AGNs at z>4.
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Figure 1. Left: SDSS gri-bands composite image of J2048. The field of view of the GMOS IFU observation is over-plotted . 12048’s BH is 100x « Already massive (z>4) « Slow growth (z>4) . ..
as a blue rectangular. Middle: Composite image of J2048 from the best spectral fitting results of GMOS IFU data. The red, > Y i 8 | * The host cannot increase M; sufficiently (100x) from
green, and blue colors denote the AGN BLR Ha line, narrow Hex line, and young stellar continuum (integrated in rest frame massive than the * Further growth (via * Quenched (2~2) 7=0.4t0 0
3500-4000 A), respectively. The grey circle shows the PSF FWHM of 0.65”. Right: Average radial profiles of young stellar local E/SO relation. mergers?) (z2~2) ¢ Starburst (z2~0.4) : : . X
continuum (blue; 3500-4000 A), narrow Ha line (green), outflow [O111] line (purple; the “outflow line 1" component in Figure « Still grows (super \1/ * 9 J2048 W|” not reaCh the Iocal relatlon.

2), AGN BLR (red solid) and disk power-law component (red dashed). The profiles are arbitrarily normalized at the center.
An approximate PSF using a Gaussian profile with FWHM of 0.65” is shown in grey dotted line, which can reproduce the bulk
of the unresolved AGN BLR and power-law components.

Eddington) (z¥0.4) = Terminated soon due
to the strong outflow.



BH

Narrow emission lines Outflow #1

e [Ol], [Oll], HB, Ha, [NI1], [SH] e [Ol], [Oll], HB, Ha, [NI1], [SH]
° AV ~ 25

BLR

Accretion Disk

e Ay ~39

Broad emission line
* Ha
® AV > 6
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e Attenuated by dust outside the torus.

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

E torus than typical?
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