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Probing Early SMBHs Using Roman and Rubin/LSST
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SMBHs in Early Universe
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SMBH Growth and BH - Host Galaxy Co-evolution Across Redshifts
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SMBH Growth and BH - Host Galaxy Co-evolution Across Redshifts

TOTOTTer-2012

¥¢ Stellar dynamics
(O Gas dynamics

¥ Masers ,:\I.SB-B('(}

]
/]
4486 A .

[] Excluded
@ Elliptical . e
@ Spiral O ay

o 39¢ \ |

d .

Relations between BH mass and
galaxy properties have been
observed at local Universe

80 100 200

o(km s™1)

Galaxy
Giltekin, Richstone, Gebhardt et al. 2009



SMBH Growth and BH - Host Galaxy Co-evolution Across Redshifts
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However, only very limited
Early universe knowledge of high-redshift objects




The JWST era
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Massive BH seeds, rapid SMBH growth, diverse host galaxies, and complex small-sale environments
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The JWST era
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Targeting Early SMBHs in the Roman/LSST/Euclid era

e 7 =/ quasars
e 7~1-2 Broad Line AGN (BLAGN) and Little Red Dot (LRD)
Reddened or obscured quasar/AGN *



Efforts started from quasar surveys in the past decade

Contaminants have

Low density of high-redshift quasars 1035 times higher densities
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Roman/LSST/Euclid era

To target the “first” luminous quasar at z~9-10, reaching to the fainter end and earlier phase of BH growth

—— LSST (10 yr, S Hemisphere, AM 1.2)
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Roman/LSST/Euclid era

To target the “first” luminous quasar at z~9-10, reaching to the fainter end and earlier phase of BH growth
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Roman/LSST/Euclid era

To target the “first” luminous quasar at z~9-10, reaching to the fainter end and earlier phase of BH growth

uclhid New Sample
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Roman/LSST/Euclid era

To target the “first” luminous quasar at z~9-10, reaching to the fainter end and earlier phase of BH growth

In the first two years (Spectroscopy):

~ 3 -12 z> 7.2 quasars 1n the medium tier

Roman: . Euclid: & ~ 0.5 -4 z> 7.2 quasars in the deep tier
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Roman/LSST/Euclid era

To target the “first” luminous quasar at z~9-10, reaching to the fainter end and earlier phase of BH growth
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In the first two years (Spectroscopy):

~ 3 -12 z> 7.2 quasars 1n the medium tier
~ 0.5 -4 z> 7.2 quasars 1n the deep tier

Imaging selection + spectroscopic follow up:

~ 6 - 30 z> 7 quasars 1n the medium tier (+LSST)
~ 3 -100 z > 7 quasars 1n the deep tier (deep FO87)
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@ Highly deviated from previously known AGNs

e.g., Distinct “V-shape™ continuum.
Almost NO detection 1n the X-ray, mid-IR, submm, and radio.
High fraction of broad Balmer absorption (10-20%).

Only a few with variability.

@ Highly unclear nature in widely different models

e.g., AGN with Supermassive Black Hole vs Compact Star-formation
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Little Red Dots (LRDs)

Whether there 1s a SMBH at the center;

Whether LRDs represent a special early phase
of BH growth;

and Whether they have the same structure as
the AGNs we know.

Urgent need of a large uniformly selected sample
— Roman + LSST!



Roman+LSST: z~ 0.5-2.5 BLAGN/LRD survey
SED from Roman+LSST, spectra (Ha and HB) from Roman, and variability from LSST
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Roman+LSST: z~ 0.5-2.5 BLAGN/LRD survey
SED from Roman+LSST, spectra (Ha and HB) from Roman, and variability from LSST

— Total AGN
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. XRay AGN In the first two years:
s Can expect a few hundred to few

— log L > 43.2 Obscured AGN
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Whether 1t 1s a special early BH growth
phase — redshift evolution

Whether the same structure — variability
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Targeting Early SMBHs in the Roman/LSST/Euclid era

4 z =7 quasars

Roman+LSST+Euclid+any available optical/IR data.
Will increase the number of high-z quasars by an order of magnitude.
Roman’s spectra will directly cover bright quasars at z = 7-8.

4 7~0.5-2.5 BLAGNSs and LRDs

Roman + LSST.
Whether 1t 1s a special early BH growth phase — redshift evolution.
Whether the same structure — variability.



