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Unique parameter space of TMT
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Higher sensi<vity than JWST at λ<3 um

TMT can obtain “spectra”  
of Subaru/HSC image sources 
(down to ~25-26 mag at <1um)

"Discovery with Subaru,  
follow-up with TMT” 
for rare popula<ons, including AGN

Spectroscopic sensi<vity

IRISWFOS
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-Gas accreUng event into Supermassive black holes

Credit: Subaru/HSC
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Mass of supermassive black holes (SMBHs) is huge: 106-10 MSun 

QuesUon: How were SMBHs born and grown across the cosmic Ume?
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MBH = 4×106 MSun MBH = 6×109 MSun

Mass of supermassive black holes (SMBHs) is huge: 106-10 MSun 

QuesUon: How were SMBHs born and grown across the cosmic Ume?

Today’s topics 
1. “intermediate-mass” BHs with MBH < 106 MSun  

2.  “1st-generaUon” SMBHs (through low-z LRDs)



Credit: EHT Collabora<on

MBH = 4×106 MSun MBH = 6×109 MSun

Mass of supermassive black holes (SMBHs) is huge: 106-10 MSun 

QuesUon: How were SMBHs born and grown across the cosmic Ume?

Let’s search AGN and quasars (QSOs) across the cosmic Ume! 
But… How can we find them?
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from R. Hickox’s talk at elusive AGN workshopaccreUon 
disk

dust torus accreUon 
disk corona small scale 

(<10 pc)

radio (MHz-GHz)

radio core

nAGN ~ 10-4-10-5 Mpc-3 (Low-L AGN) 
nQSO ~ 10-5-10-6 Mpc-3 (high-L AGN)

(NQSO = 0.1 deg-2 at z~6)

X-ray; Ueda et al. (2014); IR: Delvecchio et al. (2014);  
Op?cal-UV: Matsuoka et al. (2018)

AGN are bright at all wavelengths

We need: “Sensi<vity” and “Area”  
Large Survey volume (large ΔV) 
ΔV = L (depth) x S (wide area)

AGN are rare



accreUon 
disk

dust torus accreUon 
disk corona small scale 

(<10 pc)

radio (MHz-GHz)

radio core

High-sensiUvity & Wide-area 
=> (rare) high-z QSO search  

(but we miss obscured QSO)

Which wavelength should we use to find rare AGN?

Subaru

HSC: 
1.2 deg2/shot,  

SSP survey: 1200 deg2

DESI
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(but survey/sensiUvity are limited=> very few z>4 X/IR based AGN discovery)

Which wavelength should we use to find rare AGN?
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accreUon 
disk

dust torus accreUon 
disk corona small scale 

(<10 pc)

radio (MHz-GHz)

radio core

Strong against absorpUon 
=> obscured AGN search at z<3 

(but survey/sensiUvity are limited=> very few z>4 X/IR based AGN discovery)

Swiu/BAT 
all-sky but  

flim,X  ~ 10-11 cgs
WISE (3-22um) 

all-sky but 
W1 (3.4um) ~ 19 AB mag

Deep (flim,X ~10-15/-16 cgs) 
But small FoV: 17’x17’ 

Largest survey area 

C-COSMOS Legacy≈2.2 deg2

Which wavelength should we use to find rare AGN?

BASS Survey



accreUon 
disk

dust torus accreUon 
disk corona small scale 

(<10 pc)

radio (MHz-GHz)

radio core 
(and jet/lobe)

Strong against absorpUon & Wide survey area 
(Today’s talk)

Which wavelength should we use to find rare (and obscured) AGN?



History of wide-area radio surveys (1995-2015)
2 Giants: NVSS and VLA/FIRST radio surveys (v=1.4 GHz, fv,7σlim=1 mJy, >104 deg2)

Helfand et al. (2015)



History of wide-area radio surveys (1995-2015)
2 Giants: NVSS and VLA/FIRST radio surveys (v=1.4 GHz, fv,7σlim=1 mJy, >104 deg2)

# of sources:  
950k in 10575 deg2 
=> density ~ 90 deg-2  

ResoluUon 

6.5 arcsec

Helfand et al. (2015)

uniform distribuUon in the sky => extragalacUc => radio AGN!



History of wide-area radio surveys (1995-2015)
2 Giants: NVSS and VLA/FIRST radio surveys (v=1.4 GHz, fv,7σlim=1 mJy, >104 deg2)

# of sources:  
950k in 10575 deg2 
=> density ~ 90 deg-2  

ResoluUon 

6.5 arcsec

Q: What fracUon have known opUcal counterparts?

Helfand et al. (2015)



History of wide-area radio surveys (1995-2015)

Helfand et al. (2015) 
(See also Ivezic et al. 2002)



History of wide-area radio surveys (1995-2015)

Only 33% of FIRST radio sources have known opUcal counterparts 

=> Remaining ~70% are sUll not explored (and many are likely AGN!) => Many known unknowns!

Helfand et al. (2015) 
(See also Ivezic et al. 2002)



History of wide-area radio surveys (2015-)
7(!) yrs auer WERGS DR1, new wide-area radio surveys are underway

Image: Hajor (CC BY-SA 3.0) クレジット：Dr. Vera Maria Passegger/国立天文台

VLA FIRST (1.4GHz) 
Area: ~10,000 deg2 
Catalog: >5σ (~1mJy)
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History of wide-area radio surveys (2015-)
LoFAR (144 MHz) and VLASS (3GHz) radio surveys are ongoing

VLA VLASS (3GHz) 
Area: 34,000 deg2 (3 epochs)  
Catalog: >5σ (~0.6-0.9 mJy)  

Image: Hajor (CC BY-SA 3.0) クレジット：Dr. Vera Maria Passegger/国立天文台

VLA FIRST (1.4GHz) 
Area: ~10,000 deg2 
Catalog: >5σ (~1mJy)

LOFAR LoTSS DR2 (150MHz)  
Area: ~5600 deg2 

Catalog: >5σ (~0.4mJy)

Now we get wider area, mulU-frequency (100-3GHz)  
SED for radio AGN 
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History of wide-area radio surveys (2015-)
LoFAR (144 MHz) and VLASS (3GHz) radio surveys are ongoing

VLA VLASS (3GHz) 
Area: 34,000 deg2 (3 epochs)  
Catalog: >5σ (~0.6-0.9 mJy)  

Image: Hajor (CC BY-SA 3.0) クレジット：Dr. Vera Maria Passegger/国立天文台

VLA FIRST (1.4GHz) 
Area: ~10,000 deg2 
Catalog: >5σ (~1mJy)

LOFAR LoTSS DR2 (150MHz)  
Area: ~5600 deg2 

Catalog: >5σ (~0.4mJy)

Subaru HSC-SSP Final DR (23B) (grizy) 
Area: ~1200 deg2 (Wide in Wide/Deep/UD) 

Mag limit: i~26.2 (5σ, 2” aperture)

Let’s explore op?cal counterpart 

of such “wide-area” radio popula?on!



WERGS DR2: VLASS(+FIRST+LoFAR) x HSC radio AGN H.  Uchiyama 
(Hosei U.)

WERGS DR2 (Uchiyama, KI+) 
22,000 sources/1200 deg2

OpUcal counterparts: > 60%



WERGS DR2: VLASS(+FIRST+LoFAR) x HSC radio AGN

EffecUve AGN feedback by radio jet

H.  Uchiyama 
(Hosei U.)

Y.  Kong. 
(U. Tokyo)

Dropout galaxy (Kong+)

WERGS DR2 (Uchiyama, KI+) 
22,000 sources/1200 deg2

WERGS DR2: Uchiyama, KI et al. ApJS in press.(arXiv: 2603.27953) 
Drop-out sources: Kong, KI, et al. submibed (arXiv: 2603.28044)

OpUcal counterparts: > 60%



WERGS DR2: VLASS(+FIRST+LoFAR) x HSC radio AGN

EffecUve AGN feedback by radio jet

H.  Uchiyama 
(Hosei U.)

Y.  Kong. 
(U. Tokyo)

Dropout galaxy (Kong+)

WERGS DR2: Uchiyama, KI et al. ApJS in press.(arXiv: 2603.27953) 
Drop-out sources: Kong, KI, et al. submibed (arXiv: 2603.28044)

Low-z radio-loud AGN (0.5<z<1.5) 
=> What proper?es do they have?

WERGS DR2 (Uchiyama, KI+) 
22,000 sources/1200 deg2

OpUcal counterparts: > 60%



☑ specific BH AccreUon Rate (sBHAR)= LAGN/M*  ∝ LAGN/MBH : (rough) indicator of λEdd

BH properUes of WERGS: sBHAR(~λEdd) vs. M*
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New!! 

Eddington-limit accreUon 
+ low-mass host galaxies! 
= intermediate mass BH 
Candidates!!

New “intermediate” mass (MBH<106MSun) BH candidates!
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☑ specific BH AccreUon Rate (sBHAR)= LAGN/M*  ∝ LAGN/MBH : (rough) indicator of λEdd

SMBH properUes of WERGS: sBHAR(~λEdd) vs. M*
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(low accreUon rate  
AGN residing in 
massive host galaxies)

New!! 

Eddington-limit accreUon 
+ low-mass host galaxies! 
= intermediate mass BH 
Candidates!!

Most are i>24 mag => TMT will unveil MBH of inter-mediate mass BH for the first-Ume!!

Dwarf galaxies



New pathway to search massive BHs

1st gen. 
BH growth



New pathway to search massive BHs
op<cal+Radio survey reveals rapidly growing mBHs in dwarf galaxies!

Subaru HSC + VLASS discovered  
mBH candidates at z~1 (~100 sources)

1st gen. 
BH growth

Leuover 
IMBHs?



Rapid mass assembly 
at Eddington-limit

op<cal+Radio survey reveals rapidly growing mBHs in dwarf galaxies!
New pathway to search massive BHs, and they are rapidly growing!

Subaru HSC + VLASS discovered  
mBH candidates at z~1 (~100 sources)



Subaru HSC + VLASS discovered  
mBH candidates at z~1 (~100 sources)

Rapid mass assembly 
at Eddington-limit

No hope 
for finding  
“first” BHs?

Next step… To Li~le Red Dots (LRDs)



Li~le Red Dots (LRDs)

45



Li~le Red Dots (LRDs): popular source auer JWST launch
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ADS text search result as of August 18th, 2026 
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ADS text search result as of August 18th, 2026 
Li~le Red Dots (LRDs): popular source auer JWST launch
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LRDs become popular since 2023/2024, report by JWST 
Now 500 paper/8month => 16 papers men<on about LRDs/week

ADS text search result as of August 18th, 2026 
Li~le Red Dots (LRDs): popular source auer JWST launch
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Li~le Red Dots (LRDs): popular source auer JWST launch
Top cited papers in 2025 (ApJ/L)



50 What are LRDs?

Li~le Red Dots (LRDs): popular source auer JWST launch
Top cited papers in 2025 (ApJ/L)

3/5 are  the 
papers on LRDs



Discovery of compact (and red) sources

Onoue+ in CEERS field (<0.1 deg2)!

1. Very compact (<100 pc at z~5)

M. Onoue (Waseda U) 
He found this source during 
quaranUne at hotel in Beijing

JWST can spaUally resolve galaxies if they locate at z~5  
=> AGN? (or, very compact nuclear starburst?)

Lyman break at ~7000Å 
=> z~5



Onoue+ in CEERS field (<0.1 deg2)!

1. Very compact (<100 pc at z~5)

Kocevski, Onoue et al. (2024)

JWST can spaUally resolve galaxies 
If they locate at z~5 => AGN!!

Discovery of compact (and red) sources => AGN



Ma;hee+24 (see also Labbe+23, original studies from Onoue+23) in <0.1 deg2  area!

1. Very compact (<100 pc at z~5)
Li~le Red Dots: JWST compact + red color

Key point: 
They are discovered in JWST fields 
w/ ~100 arcmin2 ~ 0.03 deg2 

(Very small fields…!!)

=> If all LRDs are AGN, 
too many SMBHs!



Li~le Red Dots have Balmer broad emissions => Likely AGN
Detec<on rate of Balmer broad lines (BLR): >80% with low-Res. Prism (R~100-500)

Kocevski+23 (see also Onoue+23) Ma;hee+24 (see also Harikane+23)

(e.g., Greene+24)

Too many SMBHs are confirmed… But how many…?



NLRD ~ 1000 sources, nLRD ~ 1-10% of whole LBGs  (nLRD ~ 10-1000 nQSO)
nLRD ~ 10 nX-ray,AGN (Giallongo+19)

Too many Li~le Red Dots at z>=5

Compiling Umeda+24 (see also Greene+23, Kocevski+23, Ma;hee+23, Akins+2024, Kokorev+24)

QSO

QSO

LRD LRD



Gap btw. LRDs and QSOs increase w/ redshir

NLRD ~ 1000 sources, nLRD ~ 1-10% of whole LBGs  (nLRD ~ 10-1000 nQSO)
nLRD ~ 10 nX-ray,AGN (Giallongo+19)

Too many Li~le Red Dots at z>=5

Compiling Umeda+24 (see also Greene+23, Kocevski+23, Ma;hee+23, Akins+2024, Kokorev+24)

LRD LRD



Number density of LRDs show a peak at z~7-8

1. LRDs are more abundant than AGN/QSO at z>5, peaked at z~7-8 
2. LRD can exist only in high-z, and shows a possible cut off at z<5 => 1st genera<on BH growth?

Tanaka et al. (2025), Inayoshi (2025)

LRDs

X-ray 
AGN



How do LRDs evolve across cosmic Ume?
Early LRD search suggests LRD/AGN frac<on would decrease exponen<ally at z<5

Missing area for 
LRD search

Known LRDs

Known AGN/QSOs

We want to know here



How do LRDs evolve across cosmic Ume?
LRD/AGN frac<on would decrease exponen<ally at z<5

Known LRDs

Known AGN/QSOs

Not accessible by JWST 
(Because of limited survey area)

Searching with JWST  
(~100 arcmin2 ~ 0.03 deg2) 
is no longer the best op<on.  
Let’s search using  
“Wide-area” surveys



Low-z LRD searches at z~2-3 in HSC/DUD field (~17 deg2)

Subaru/HSC-SSP Deep ~17 deg2 Ma et al. (2026a,b)

~340 low-z LRD candidates => Most sources are >24 mag 
(only one spectroscopic confirmed source)

PFS coverage 
(<23.5mag)



Low-z LRD searches at z~2-3 in HSC/DUD field (~17 deg2)

Subaru/HSC-SSP Deep ~17 deg2 Ma et al. (2026a,b)

TMT coverage 
(<25-26 mag)

TMT can obtain spectra for low-z LRDs, covering “v”-shape



Low-z LRD searches at z~2-3 via Roman (and Euclid)
Roman NIR+LSST (or HSC intensive) will find low-z LRD candidates

PFS coverage 
(<23.5mag)

5100 deg2 = x300 of HSC D/UD field => 104-5 low-z LRD candidates

PFS will cover bright end (<23 mag) and TMT will cover faint end (>23 mag)



Wide-area radio x HSC 
=> intermediate mass BH candidates 
(but they are faint, w/ i>24 mag

Conclusions (intermediate mass BH)
Dwarf galaxies

TMT can obtain spectra 
=> reliable BH mass measurements 
(through Hα/β or MgII2800)



Wide-area radio x HSC 
=> intermediate mass BH candidates 
(but they are faint, w/ i>24 mag

Conclusions (low-z LRD)
Dwarf galaxies

TMT can obtain spectra 
=> reliable BH mass measurements 
(through Hα/β or MgII2800)

Wide-area opUcal 
=> low-z LRD candidates (but faint)

TMT can obtain spectra up to z<2 
=> reliable Ha + V-shape


