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The Most Luminous Dust-Obscured Galaxies at Cosmic Noon

The BlueDOG at Cosmic Noon: A Possible Analog to Little Red Dots?

Seongjae Kim & Woong-Seob Jeong

Korea Astronomy and Space Science Institute
University of Science and Technology, Korea

Dusting off the secrets of the cosmos with PRIMA
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Coevolution of SMBH and Host galaxy

ORIGIN OF GALAXY SCALING RELATIONS

'SFR (PRIMA)

SC SAM Model:
fast black hole
growtn

~ SFR

outflows & 7 (PRIMA)
z=2

Log[Galaxy Stellar Mass]

Development of Massive Elliptical Galaxies B
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S galaxy
TODAY -
13.7 bitien years .

Lozal
eligtical galaxy

Credit: NASA, ESA, S. Toft, and A. Feild

« Itis known that supermassive black holes
(SMBHs) and their host galaxies co-evolve.
(Kormendy & Ho 2013)

However, the snapshot of massive SMBH
formation and evolution at cosmic noon evolving
into local massive ellipticals is still puzzling.




What are Dust-Obscured Galaxies? (1)
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« After Spitzer Space Telescope was launched, this type of galaxies was g \/ }
newly discovered with IR-bright and optically-faint source selection. (Dey+08)
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 How? - Find redder color than local dusty galaxies/AGNS! Redshift



What are Dust-Obscured Galaxies? (2)

Dust-Obscured Galaxies (DOGS) -
. : Merger
* DOG criteria: Fy,,,/Fgr = 103 e

 Features of DOG i g
— 7z~2+0.5 @ cosmic noon: IRLD~10-40% 3,
— Type: bump (SF), power-law DOG (AGN) o/ AGN @

— 24um bright DOGs: AGN-dominated (PL DOG) MBH @/_, . *M 'ON'  Red E
& more luminous.

— Merger > SMG = DOG = QSO / Elliptical | , (Dey+09)
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HYLIRG: L,z > 10%3L,
Why Hyperluminous Dust-Obscured Galaxies?

(c) Interaction/“Merger" (d) Coalescence/(U)LIRG (e) "Blowout” (f) Quasar

PG Quasar Hosts

NGC 4676
IRAS Quasar Hosts

- ith halo, gal & - gal I - viole k .
“OWIO‘:'e a:‘g:l:: mo;izz:s s i:::'::;:aosa(?::n:‘eor SR - BH grows rapidly: briefly " - dust removed: now a “traditional” QSO
o 3 } f ack .
- SFR starts to increase starburst & buried (X-ray) AGN rcmﬁrx“r::g::d;zn:'::;:]):::edb“ ho"ug‘:l";Ph:)ng::ﬁcu“ ;TYObsef"e
S S : , . eatures fade rapi
stellar winds dominate feedback starburst dominates luminosity/feedback, - get reddened (but not Type Il) QSO: - characteristically blue/young spheroid

- rarely excite QSOs (only special orbits) but, total stellar mass formed is small recent/ongoing SF in host

“ " high Eddington ratios
(b) “Small Group merger signatures stll visible (g) Decay/K+A

Dust-obscured, rapidly .
growing phase in E
SMBH and host E
- halo accretes similar-mass & -i - QSO luminosity fades rapidly :
companion(s) 2] 3 - tidal features visible only with

1

very deep observations
- remnant reddens rapidly (E+A/K+A)
- "hot halo” from feedback

- sets up quasi-static cooling

- Can occur over a wide mass range
- Muae still similar to before

0.1
dynamical friction merges <
the subhalos efficiently las E'

(a) Isolatec tical

Thus, we focus on Hyperluminous DOGs to trace
most massive system at cosmic noon.

M59

- % ‘
L 9
8 . . .
-2 el 1 0 1 2 - star formation terminated
- halo & disk grow, most stars formed Time (Relative to Merger) [Gyr] - large BH/spheroid - efficient feedback
- secular growth builds bars & pseudobulges - halo grows to “large group” scales:

- “Seyfert” fueling (AGN with Mg>-23) H . by ineffi
- canno; rc::eln to the red'sequlcncc (Hopkl nS+O81 Casey+ 14) . grovr:‘;rf;r"sdrsfor:\'ler‘::s i



NIR Spectroscopic Follow-up for Black Hole Mass
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(Jeong et al. 2025, to be submitted) 9 10 11 12 13
log M« [Mg]

« Parents sample: Herschel SPIRE-detected hyperluminous DOGs (N~100) in AKARI Deep Field —
South (ADF-S), one of the HerMES fields

» Most of our samples
- broad Hao FWHM of 1,000-10,000 km s : Broad line AGN signature

« Above local relation of broad line AGNS (Reines & Volonteri 15) 6



(10-18 erg s~! cm™2)
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Blue-Excess Dust-Obscured Galaxies: What are BlueDOGs?
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Dec [deg]

f, [erg/s/cm?/A]

Aarcsec

Hyperluminous BlueDOG: Spectroscopic Analysis (1)
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(F2 PI: Jeong;
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A BlueDOG among our sample
(cf., Assef+2016, 2020; Noboriguchi+2022)

|Og(|\/|SMBH’ |_|O(/I\/|©) = 10.15+0.25
)]*Edd = 015i006
Iog(MJM@) =12.33+0.04

UV line ratio suggests UV emission lines
originated from AGN.
(Lya/NVgepoc=2.0410.15,

Lyo/NV gg ~ 15, Lya/NVgeg ~ 100,
Lyo/NV,, ~ 11.86)

The contribution of Lya+N V to B-band is ~60%.
(continuum~40%).

- However, it cannot explain for other UV
continuum excess.



Hyperluminous BlueDOG: Spectroscopic Analysis (2)

i é ADFS-KMTDOG-102 E

0 = . Narrow Ha -

! Er‘f E A O SFR derived Lya E
—-1F EG%I O O

i |:| Matthee+2016

- /\ Song+2014
[ — Matthee+2016 at z~2

s oy
0.00 0.25 050 0.75 1.00 1.25

E(B=V)sep

If an AGN is present,
SFR-derived Lya escape fraction

- can be overestimated

Lya escape fraction (fos. |yl

1) All Lya comes from star-formation

SFR [Mg yr~ '] = 0.68 x 7.9 x 10~ ** Ly, [ergs ]

286 Mo yr~' = 0.68 x 7.9 x 107** x Ly,,/8.7 [ergs™]

(Kennicutt & Evans 12)

Ly«
fesc, QF — LLya, obs/LLyoz, int

=17.1+ 3.1%

2) AGN aspect

Intrinsic Lya/Ha ratio around BLR
—> uncertain due to collisional excitation at Ly«
=» Case B does not work!

Gaskell & Ferland (1984): Lya/Ha ~ 11-16 in NLR

L
fes}(;aAGN — LLya, obs/(]- 1LHO¢, narrow, COl"I‘)

< 0.7 £0.6%



Similarity to Little Red Dots Discovered by JWST?

CEERS 14488
z=4.75

CEERS 20320
z=5.77

CEERS 7902
z=6.99

NGDEEP 755
z=4.75

NGDEEP 4231
z=8.92

JADES 16568
7=6.16

NGDEEP 2122
z=6.70

JADES 11865
z=7.51

JADES 9186
z=4.99

PRIMER-COS 10539
z=7.48

#

PRIMER-COS 29798
z=6.52

PRIMER-COS 30525
z=6.10

PRIMER-UDS 38096
7=6.28

PRIMER-UDS 4396
z=5.83

PRIMER-UDS 17818
z=6.40

(Kocevski+2024)

« Little Red Dots (LRDs) recently have been discovered by JWST at z~4-8.

JADES 11027 CEERS 65326 CEERS 80438
= Zyor = 4.87 % 2,,=6.55 F Zye=844
: Pop=0.130.01 % Pou=1.461005 E Pp=225+023

Buv=-2.33£0.02 j# Buy=-2.09+0.23 Buy=-1.812028
EoHEEC i ES

- Ty . " o e -
1 10 1 10 1 10
Wavelength (um) Waovelength (um) Wavelength (um)
(Kocevski+2024)

« The masses of SMBHs were measured with broad Ha emission.

« Itis hot topic whether the UV excess comes from AGN (direct/scattered) or
starburst (Balmer break was confirmed on few sources!).

o 0.20:-:- {_(1)300-15157 7=4.9 e 0.25 = {;):00-12446 7=4.7 ]
&) Narrow (&) ]
o 7 0.15
» 0.10 »
g £0.10
» 0.05 3
=0.00 = 0.00
S <
B
—-4000 -2000 0 2000 4000 —-4000 -2000 0 2000 4000
Av [km s~ Av [km s 1]
(Matthee+2024)
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UV & Optical Slope Compared to Little Red Dots

T T T
B LRDs
16 - -~ UNCOVER-29255 (Zspec=8.50)—6.01 mag i
| @~ JADES-12068 (zspec=5.92)—5.14 mag
r
= )
<.
o 20f 1
(0]
E -
22 —
....... 0 BlueDOG Obs.
i s Best SED
24} —— Stellar
I ! AGN
L 1 L o
101 10°
Rest wavelength [um]
I | I I 1 I | I 1 1 | 1 .I 1 1 | I II I | 1 1 I T | I 1 I I
5 Kocevski+24
4 - —]
i A
2 Cee -'..'-- L ! -
S Vel TR
0] e B AL o ) A— a
-2+ typical galaxies -
—4 i | | 1 i 1 | [ B
-5 —4 -3 -2 -1 0 1 2

Normalized mags of LRDs
—> similar SED shape to the SED of BlueDOG.

m; = -2.5 (5 + 2) log (/\;) +C  (Kocevski+2024)

UV: rest-frame wavelength < 3,645A
optical: 3,645A < rest-frame wavelength < 10,0004

BlueDOG =» satisfy LRD criteria

Agaq ~ 0.07 — 0.4 (typically 0.16) from LRDs (Matthee+24)
(cf., BlueDOG’s Aggq po = 0.15 £ 0.06)

Suggesting similar accretion status at their central SMBH.

Combining those similarities between the BlueDOG and LRDs
—> Origin of UV continuum excess: starburst activity?

(SSFRygmyr = 0.1740.02 Gyrt, sSSFR oy, = 0.0240.02 Gyr*
at the BlueDOG)
(Kim et al. 2025, submitted to ApJ) 1



SPHEREX All Sky Survey

First Light - Released yesterday!

Short Wavelength Long Wavelength
Bright Stars

Helium~ * — SRR AR e

Airglow™

| 20cm (effective)

Faint | 6.2" x 6.2"

Distant
o
A=0.75-2.42 ym (R=41)
A=2.42 -3.82 pm (R= 35)
A=3.82-4.42 pm (R=110)
A= 4.42 - 5.00 pm (R=130)




f) [erg/s/cm?/A]

f) [erg/s/icm?/A]
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Hyperluminous DOGs Seen by SPHEREX & 4
— SF'E_E_BEX
% : 24 g r izy ] H K WIW2
45— ;i T ;, T e e
: ' KMTDOG-102° T | T e
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o;— . 'E 181 SPHEREx Deep \
1: (@) —k— 2MASS
- ' ' ' © 8- AlIWISE
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—4— Euclid Spectroscopic -
5 . 04 0.6 081.0 1.3 1.7 22 3.0 4.05.0
| 2 1618 i ¥ | - Wavelength (um)
' KMTDOG-301]
08l I fra = (4.64+0.06)E-14 « Hyperluminos DOGs ~19 AB mag @ NIR
osk . [erg/sicm?] | - Expect new highly obscured AGNs
FWHM, r,~10,000 km/s (Mg, > 101011 M) even in SPHEREX All-
02f E Sky Survey. (N~4,000)
o.of— -
-0.2 ' L '

3
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BHAD (M, yr! Mpc—)

104}

107}
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Synergy with PRIMA and Massive BH Samples PH MH

BHAR from
simulations

BHAR from

g X-rays

1 2 3 2 ;
Redshift
(PRIMA GO vol. 1 Book; Barchiesi et al.)

\9‘

Our spectroscopic survey in ground is
not complete (~15%).

We expect that we can provide massive
BH samples obtained by SPHEREX All
Sky Survey.

How much massive BHs (>1010-11 M)
contribute to total BHARD?

=>» Combining PRIMA observations

and massive BH samples will answer
for this question.

14
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Synergy with PRIMA and Massive BH Samples PHuMH

- KMTDOG-102
101k z=2.604
E (x2=1.28)

Fv [m)y]
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10 101 102 103 104
Observed Wavelength [um]

Relative
residual

PRIMA Hyperspectral PRIMA Polarimetry Imager
Imager

Source type PPI1 PPI2 PPI3 PPl4

Wavelength [pum] 244 ; 9. 126 172

Point Source Flux Density (total,
F,; mly)

L lAl 1 l Ll L.l AA—
fObs-Mod)/Obsi °

©’

L, estimation with FIR photometric points
using PRIMAger for massive BH sample
=» Massive BH contribution to BHARD

Targeted FIRESS observation
=» Can PAH survive around hyperluminous
obscured AGN?




Conclusion & Summary

The M. and Mg, relation in our hyperluminous DOGs might supports the upper track of BH-host co-evolution.
The BlueDOG exhibits a similar SED shape to recently discovered Little Red Dots (LRDs) at z~5-8.

Eddington ratio of the BlueDOG (A5,44=0.15) is comparable to that of LRDs (1;;4~0.16), suggesting similar
accretion state. However, note that the BH mass of the BlueDOG is 2-3 orders of magnitude more massive.

UV line ratio suggest UV lines originate primarily from the central AGN.

SED fitting suggests that a recent starburst event (SSFR gy, ~ 8XSSFRgopyr)-
=>» Blue excess UV continuum originates from stellar emission rather than leaked AGN continuum.
=» Confirming Balmer break or WR stars (narrow He Il,5g5) With JIWST in future work?

How much massive BHs (>101%1 M) contribute to total BHARD?
=> Approximately 4,000 SMBHs (Mg, > 101011 M,)) are expected in the SPHEREX All Sky Survey.
= Combining PRIMA observations and massive BH samples will answer for this question.



Thank youl!
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