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JWST's unexpected new population: compact red objects at z = 4—7 that look like accreting black holes, yet fail many standard AGN test
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 Red + compact + broad Balmer lines

» X-ray faint: 10-100x below Type 1 AGN

"""""" ¥
| + Little hot and cold dust
i « ~100x more abundant than the quasar LF atz> 5
Matthees24  [MEERIERES ORI » V-shape SED breaking at the Balmer limit; strong Balmer

breaks
GOODS-N-9771 (Matthee+24): broad Ha, FWHM = 2000 km/s

JADES 11027 CEERS 65326 CEERS 80438
Zphot = 4.87 Zphot = 6.55 Zphot = 8.44
Bopt=0.1310.01 Bopt = 1.46+0.05 Bopt= 2.25+0.23
Buv=-2.33+0.02 Bu=-2.09+0.23 Bu=-1.81+0.28

i £

1

Wavelength (um) Wavelength (um) Wavelength (um) Kocevski+24

10




® lzumi+21 (z=6)
® Kocevski+23
@ Harikane+23
@ Maiolino+23
@ Kocevski+24

Kormendy & Ho 13 (z=0)—
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t+ Host galaxy stellar masses only %
~107-10% Mo :

¥+ \irial BH masses from broad Ha:
Mbh ~ 10°=10° Mo

ie Mbh/Mx ~0.01-0.1 vs. local §
¢t scaling relation: Mbh / Mo ~ 0.001 §
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* Virial estimates: Mgy ~ 108 M©

* » But if broad lines do not come from virialized
Sun+26 LRDs BLR, those calibrations simply don't apply
(virial-calib.)
~
EQ » Escape-velocity & Eddington arguments
~—_ instead give
% e 2.5 dex of disagreement in the most basic
%D property of these objects
— * Ha born in the wind,
broadened by scattering
Sun+26 LRDs ™ '
(’U ) photosphere (t=1) » _ = 2 = .
€8¢, red continuum
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We need independent probes that don't rely on interpretation of line or SED



* Red-noise flickering from the accretion disk
— seen in every monitored AGN

counts/s

 Amplitude & timescale scales with M_BH:

more massive — slower, lower amplitude
(Ponti+12)

counts/s

e Characteristic timescales: weeks—months
rest-frame
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Do JWST’s Little Red Dots TWINKLE? GQO7404, Pl: Naidu, Matthee, Chisholm
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~* One exposure = all spectra at
= once

-+ Ha profile and continuum in the
- same shot

~* no slits, no target selection, no
~ slit losses

* Five epochs over 3 yr: week /
— 1 month / half-year baselines

2023 - 2026: Longest baseline enabled by JWST grism
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multi-epoch Ha profiles grism continuum photometry
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Combined — 27 sources, 10 with Ha line

o 27 broad-Ha emitters at z
= 4—7/, five grism epochs
over 3 yr

e 6.50 below classical
SDSS AGN at any plausible | LI,

N,. detected

virial mass : e
e LRDs and non-LRDs alike: - - nhon-LRD
continuum and Ha alike  — o 5 -

Observed: 0/27
- = FExpected: 13.2/27
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N(z) = the population's birth & death rate,

lifetimes, halos
X-ray AGN
JWST imaging, z= 4-8

=D

—
ground-based
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EIGER grism, z~ 2 * The rise tracks newly formed 10/(10.5-
j PR BN ' 11.5) M © halos, unlike X-rayAGN
i == 0ex population (Kapoor+26, Inayoshi 25)

« | Uunmeasured

Various selections suggest a broad

peak around z~5, decline towards C .
IDIS / DES| low-z (Kocevski+24, Ma+25, * Below z < 2: only lower limits. The decline

+ower imits) Lin+25,26, Rinaldi+26, Zhuang+26, where formation models diverge remain

Park+26, Kapoor+26)

6
Redshift

unmeasured.
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See Steve’s talk



HLTDS prism == ROMan HLTDS core (2 yr)
Ha window == == ROman 5-yr mission
10.14<2z<1.74 - = s JWST FRESCO - TWINKLE (3.2 yr)

JWST LRDs
3.9<7z<6.8

2.5yrrest@z=1
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Redshift

 P127 prism (Ha at 0.14 <z <
1.74). 5.3 deg? every 5 days for
2 years

* The cocoon test: line vs.
continuum variability on rest-
frame years

* a calibration-free MgH for the
population



At z = 2, they are still there: Promising Signs for Roman

Liu, in prep

Hundreds of LRDs at z=2-7 discovered in the JWST grism archive



Take-home message
 LRDs are a new class of astrophysical objects, abundant at high redshift
 Roman will probe their evolution at z = 0-2

e 0/27 varied over 3 yr of JWST monitoring — virial masses calibrated on local AGN are
not reliable

e Roman HLWAS: the low-z census

 Roman HLTDS: variability-based black hole masses
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Figure 11: Expected number of variable sources (Nget) under super-Eddington accretion models using mock light
curves from Secunda et al. (2026). Each row shows the Ngyet distribution from 10,000 Monte Carlo realizations. (A)
Unscaled — raw super-Eddington output (A = 3%), no mass or luminosity correction. (B) Mass-scaled — amplitude
rescaled by Mpy; detectability decreases toward lower masses. (C) Luminosity-scaled — amplitude rescaled by L.
(D) Fully scaled — amplitude rescaled by both Mgy and L.,s. Of all these flavors of models, the data are most
consistent with those shown in the second row — super-Eddington (Lpo1/Leda = 3) black holes in the IMBH regime

(r’?ﬁ 103_5M®).
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