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SMBHs at all cosmic epochs

101 F | | | | | [ ULAS J1120 ™=
® v z=7.1
~~ Vg A Mortlock+1 1
=N, 10 ot -
— 10 e ‘% "
= = 2 %‘A’
< 100k B4 %ﬂ? & -
F:\t = ¢ o)
%:. o ¢ O
- (8]
o] 10% o Q —
E o
o
b -
— 1 - z=2 SDSS (Trakhtenbrot & Netzer 2012) -
- i WAy z~2-3.5 (Shemmer+2004, Netzer+2007)
r_.:: ‘ﬁﬂﬁz < 2~3.5 (Trakhtenbrot+2016)
O z-4.8 (Trakhtenbrot+2011)
0 z-6.2 (Kurk+2007, Willott+2010)
— 6| _
f%f 10°F
—_
-,
_ | | | | | | L1 11
10°

0.3 0.5 1 2 5
redshift, z

plot adapted from Trakhtenbrot & Netzer 12

Wide-field optical/IR surveys (SDSS, DES, UKIDSS, Pan-STARRS...) found
100s of quasars at z > 5, when the universe was less than 1 Gyr old
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How to grow a SMBH in ~1 Gyr?

5 3Gyr 2Gyr 1 Gyr after BB
1077 7 | | v | | I T T T TTTTTTTITIN
BH seed
; formation
= !
-
z >
~~ o 00 -
= o,
" -
m.
.’:EI 1{:}6 P [ - [
- |
o b - i Direct a
|
) 1 Collapse
= 5 i
10" = . z<2 SDSS (Trakhtenbrot & Netzer 2012 [ R —
— 10 VA 2235 (She;mle;ﬂﬂrg;. m‘ilfmf ; Stellar
o ¢ 2z-35 (Trakhtenbrot+2016) I Mergers
'LD" 10° - D 2-48 (Trakhtenbrot2011) Lo —
= O z-6.2 (Kurk+2007.Willott+2010) | Pop-III
102 | | | | L L L L
0.5 1 2 5 10 15 20

redshift, z
plot adapted from reviews on BH seeds:
Trakhtenbrot & Netzer 12 Volonter 10, Natarajan 11



How to grow a SMBH in ~1 Gyr?

1 Gyr after BB
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Large-scale environments of early SMBHs
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 Simulations suggest early BH mass growth favors over-dense environments

« Can be tested by counting the number of galaxies around SMBH hosts
* So far, few systems studied, with ambiguous results

(Willott+05, Overzier+06, Kim+09, Utsumi+10, Husband+13, Banados+13, Simpson+14, Kikuta+17...)



The epoch of fastest growth of the most massive BHs
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The highest-redshift quasars are powered by
fast-growing SMBHs, with My, ~10° M, and L/Lg,,~1




How to grow a SMBH in ~1 Gyr?
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Accretion flows powering z~5-7 quasars

Applying (over?) simplified thin accretion disk models to derive Mdisk and n
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The highest-redshift quasars are consistent with
Eddington-limited, radiatively efficient, thin-disk accretion




Hosts of fast-growing SMBHs at z~5, with ALMA

Six fast-growing z~4.8 SMBHs observed w/ALMA (cycle-2, band-7, ~0.3”)
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Hosts of fast-growing SMBHs at z~5, with ALMA

Six fast-growing z~4.8 SMBHs observed w/ALMA (cycle-2, band-7, ~0.3”)
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Hosts of fast-growing SMBHs at z~5, with ALMA

Six fast-growing z~4.8 SMBHs (ALMA cycle-2)
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The highest-z, fast-growing SMBHs are
hosted in high-SFR, dust-rich galaxies
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The emerging M;,-M, . relation at z~5-7
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High-z, fast-growing SMBHs are slightly “over-massive” w.r.t. hosts




Environments of fast-growing SMBHs at z~5, with ALMA
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Environments of fast-growing SMBHs at z~5, with ALMA

* A high fraction of companion (interacting) SMGs: ~50%

« Separations of ~15-50 kpc and < 500 km/s from quasar hosts
« All are “major mergers”; not seen in previous Spitzer/IRAC data
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The highest-redshift quasars are found in over-dense environments




Environments of fast-growing SMBHs at z~6, with ALMA

Decarli+17: ALMA observations of 25 quasars at z~-6
4 of the 25 have nearby companions (~8-60 kpc)
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The highest-redshift quasars are found in over-dense environments




Dual fast-growing SMBHs at z~5, in sub-mm and X-ray?
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Environments of fast-growing SMBHs at z~6, in sub-mm

Plateu de Bure observations of
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(some of) The highest-redshift quasars drive large-scale gas outflows




More 7>5 quasars are coming...
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Summary: z~5-7 quasars

Known z~5-

Obscuration/
selection

SMBH mass
Accretion rates

Accretion mode
Duty cycle

Implied BH seeds
Host mass
Host star formation

Large scale env.
Demographics

Future prospects

un-obscured / UV-opt.
L., ~ 10% erg/s

My~ 10° M

L/Lggq ~1

thin disk, 7> 0.1

~100%

(continuous growth)
Massive, M.~ 10%° M,
Mhost - 1010—11 MO

SFR ~300-3000 Mo/ yr
over-dense (+outflows?)
Rare! ® < 108 Mpc-3

wWFIRST, Euclid, Athena

are we
missing

ing?
kanythmg.)




“Missing AGNs” at high-z: deep Chandra surveys

Chandra COSMOS Legacy Survey: >1.5 deg?, 160 ks
(Civano+16, Marchesi+16a,b)
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The space density of lower-L AGN drops beyond z~3




“Missing AGNs” at high-z: deep Chandra surveys

Chandra Deep Field South (0.13 deg?, 7 Ms) and North (2Ms)
(Luo+16, Vito+16,17...)
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But should we expect faint AGNs at z~5-7?

Yes! progenitors of z~3 AGN:Ss...
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are the missing AGNs obscured? low BH occupation fraction?
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But should we expect faint AGNs at z~5-7?

log (MBH /A[/)

Yes! progenitors of z~3 AGN:Ss... ... but we do not see them
Z 0.8 ) Faor BB T T
: L
S dscanied due to e ot
- A WV 06 b -
10;-/M W VV 410 . B
——-- N % V- i
4 04 | oo 4
of .- =9 = * Ll %28 430
: - S o, L v,k
+2 . - I - 1 -
: I S el 1 S
0.0 f-nthoor - - - - -
7 17 % 1 HR and z;, indicate
o E 1z2>5
T i
6 6 -0.2 . -
: . 4?6
s5H -5 04 F s . j-
, _ ' | |
gl A/ ’ /AR 4 0.6 1 [ 1 E 1 1 l 1
0.5 1 1,5 2 2.5 3 —0.
s o 2 4 6 8 10
age of Universe [Gyr] Photometric redshift z
Fig. from Trakhtenbrot+16 Weigel+15

are the missing AGNs obscured? low BH occupation fraction?
low duty cycle? (“flickering”)



Summary: z~5-7 quasars

Known z~5-

Obscuration/
selection

SMBH mass
Accretion rates

Accretion mode
Duty cycle

Implied BH seeds
Host mass
Host star formation

Large scale env.
Demographics

Future prospects

un-obscured / UV-opt.
L., ~ 1047 erg/s

My~ 10° M

L/Lggq ~1

thin disk, 7> 0.1

~100%

(continuous growth)
Massive, M.~ 10%° M,
Mhost - 1010—11 MO

SFR ~ 300-3000 M4/ yr
over-dense (+outflows?)
Rare! ® < 108 Mpc-3

wWFIRST, Euclid, Athena

are we
missing

ing?
kanythmg.)




Summary: z~5-7 quasars

Known z~5-7 “Typical” AGN /
it

Obscuration/
selection

SMBH mass
Accretion rates

Accretion mode
Duty cycle

Implied BH seeds
Host mass
Host star formation

Large scale env.

Demographics

Future prospects

un-obscured / UV-opt.
L., ~ 1047 erg/s

My~ 10° M

L/Lggq ~1

thin disk, 7> 0.1

~100%

(continuous growth)
Massive, M. ~ 10*° M
My ~ 1071 M,

SFR ~ 300-3000 M/ yr
over-dense (+outflows?)
Rare! ® < 108 Mpc-3

wWFIRST, Euclid, Athena

~50% are obscured
Ly, < 10* erg/s

My~ 107 Mg
L/Lgy~0.01 -1

(who knows, really?)
<< 100%

Pop-11I, M., < 10° M
M, ~ 10°19 M5

SFR <100 Mo/ yr
“normal”

Common? ® ~ 10 Mpc3
(~10% of galaxies? less?)

Lynx!



“Missing AGNs” at high-z: deep Chandra surveys

Chandra Deep Field South (0.13 deg?, 7 Ms) and North (2Ms)
(Luo+16, Vito+16, 17...)

4.5<z2<5.5 All masses 5.5<z<6.5 All masses

7 Ms CDF-S

.
L Bt 9
¢ TE 1
Bty Ay
- .

453 galaxies 230 galaxies
2.65 Giga-sec 1.35 Giga-sec

Chandra sees no sign of AGN in (stacks of) typical z>5 galaxies




Faint AGN and BH seeds: prospects for Lynx

A proposed Lynx deep survey: 4 Ms over 1 deg?
(several different fields, ~8 pointings)

“known locations”:
catalogs of high-z
galaxies from

Detection threshold @ 4Msec (0.5-2 keV) 3.0x10-'9 erg/s/fcm”2

(for known locations) (1.1x10-19) 4_ wFl RST, JWST...
hoto-z? spec-z?
2-10 keV luminosity at z=10 assuming 3.7x10% erg/s (> P )
(=it (1.35x104)
Bolometric luminosity at z=10, assuming 3.7x10%2 erg/s

10% correction (1.35x10%)
< ~1.3x1038% M

Black Hole Mass 29,000 Msun Lbol LEdd BH

assuming Eddington rate (11,000 Msun) MBH S Lbol / 1.3)(10 38

Lynx will detect the faint/low-M counterparts of the highest-redshift
quasars, and will trace progenitors back to the BH seed population




Faint AGN and BH seeds: prospects for Lynx
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Lynx will detect the faint/low-M counterparts of the highest-redshift
quasars, and will trace progenitors back to the BH seed population




Faint AGN and BH seeds: prospects for Lynx
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Lynx will detect the faint/low-M counterparts of the highest-redshift
quasars, and will trace progenitors back to the BH seed population




Faint AGN and BH seeds: prospects for Lynx
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Summary

» Wide-field optical/IR surveys have identified 100s of quasars at 7 > 5
These SMBHs had to grow continuously and/or from massive seeds

« We learned that the highest-redshift quasars are growing fast in
massive, gas-rich, high-SFR hosts, located in rare over-dense regions.
Are these SMBHs the rare “lucky ones” ?

» The deepest Chandra surveys suggest we’re missing the fainter / lower-
mass counterparts of these quasars - the progenitors of z~3-4 systems.

Why can’t we see AGN signature in “typical” high-z galaxies?

» Lynx will detect extremely faint/low-mass AGN out to z~10, tracing the
high-z AGN population back to the epoch of massive BH seed formation.



