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Biased Galaxy Formation
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Ultraviolet-background-induced bifurcation of galactic morphology
Susa & Umemura (2000, MNRAS, 316, L17)
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z=9.11 OIlll Emission Galaxy

Hashimoto et al. 2018, Nature, 557, 392

2,,,=9.11, 7o ~15 (t~2.5(8 )
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7=0.0-0.4Z,,

cf. My,=0.01%0.1M,(Z/Z5)=2 %X 10°Mg &> 7T, metal-poor H gas-poor
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Fig. 1 | ALMA [O 111] contours and spectrum of MACS1149-]JD1. left corner indicates the synthesized beam size of ALMA. RA is the right
a, Magnification of an HST image (F160W), with the ALMA [O 111] ascension and dec. denotes the declination, both expressed in J2000
contours overlaid. Contours are drawn at —3¢ (dashed line), 30, 40, 50 coordinates. b, The ALMA [O 111] 88-pm spectrum in frequency space,

and 60, where 0= 17.5 mJy km s~! per beam. The ellipse at the lower obtained with a resolution of about 42 km s .



z~8.38 Dusty Galaxy Laporte et al. 2017, ApJ, 837, L21

A2744 YDA

A gravitationally lensed Y-band dropout
ALMA Band 7 observations | e )
1 mm continuum flux (dusty star-forming galaxy)

Lya emission at a redshift z=8.38.
[O 111] 88 um emission

T T T T T R

: z=8.42

LOG[F(udy)]

stellar mass 2% 10° M,

a star formation rate of 20 M, yr .
dust mass of 6 x 10° M, ol
formation of such a dust mass only 200 Myr after cosmic reloﬁlzatlon 35

ALMA 356GHz ALMA 350GHz ALMA 362GHz

Figure 1. ALMA Band 7 continuum detection for A2744_Y D4, (left) Map combining all frequency channels; (middle left and middle right) independent maps for two
equal frequency ranges. Contours are shown at 1, 2, 3, 4, and 57 adopting a noise level from an area of 0.5 % (1.5 arcmin. (right) #57 F160W image with combined
ALMA image contours overplotted.



Ultraviolet-background-induced bifurcation of galactic morphology
Susa & Umemura (2000, MNRAS, 316, L17)
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Cosmic SF History vs Massive BH Accretion History

Madau & Dickinson, 2014, ARA&A, 52, 415
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Figure 15

Comparison of the best-fit star-formation history (thick solid curve) with the massive black hole accretion
history from X-ray [red curve (Shankar et al. 2009); light green shading (Aird et al. 2010)] and infrared (/ight
blue shading) (Delvecchio et al. 2014) data. The shading indicates the 10 uncertainty range on the total
bolometric luminosity density. The radiative efficiency has been set to € = 0.1. The comoving rates of black
hole accretion have been scaled up by a factor of 3,300 to facilitate visual comparison to the star-formation
history.
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Coevolution of SMBH and Galactic Bulge

Poynting-Robertson Effect Umemura, 2001, ApJ, 560, L29

in galactic bulge
Kormendy & Ho 2013, ARA&A, 51, 511
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Coevolution Scenario
Umemura 2004, cbhg.sympE, 61
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A Novel Scenario of Coevolution

First galaxy * %, °
°, * o P

BHs fall onto the galactic center via
dynamical friction by stars and gas.
Dense nuclear disk formation via radiation

\ / drag (Poynting-Robertson Effect )

v Sy BH merger by “chance meeting”

l

SMBH-Bulge relation

Infall of d BH
nfall of merge AGN formation by

gas accretion
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(Hennawi et al. 2015, Science)
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