The "'missing seed" problem for massive
black holes at high redshift
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Rapid growth

z<2 SDSS (Trakhtenbrot & Netzer 2012)

Black Hole mass, Mgy |[M)

3 VA  z~2-3.5 (Shemmer+2004, Netzer+2007)
10°F| © 7z~4.8 (Trakhtenbrot+2011)
¢ z~6.2 (Kurk+2007,Willott+2010)
2 | | | |
10

1 2
Redshift, 2

adapted from Trakhtenbrot & Netzer 2012
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Current observational constraints on high-z AGN

. Wide-area quasar surveys
SDSS/deep  Jiang+09
CFHQS Willott+10

SuprimeCam Kashikawa+15

Il. Deep fields
CDFS stacking Treister+11,13
CDFS individual sources Weigel+15



. Wide area quasar surveys

Kashikawa+15 (latest compilation)



Il. Deep fields
Chandra X-ray stacking of z=[6,7,8] dropout galaxies

Treister+13



Il. Deep fields
Chandra X-ray stacking of z=[6,7,8] dropout galaxies

Table 1. Stacking Results

Redshift Sample X-ray Lum?®
B11 F12 Combined lerg s 1]

Soft Band (0.5-2 keV)

-3.446.2 -3.64+4.7  -4.046.5 <3.1x10%!
0.741.4 -0.6+2.5 -0.442.6 <6.8x101!
1.64+1.7 0.74£1.9 1.942.1 <1.5x10%12

Hard Band (2-8 keV)

2~6 -6.34+9.1 -3.34+6.7 -9.14+9.4 <1.6x10%2 <4750
Z~T 0.242.4 1.844.1 1.544.1 <5.3x1012 <4704
z~8 -4.742.1 -0.4426 -1.8428 <9.8x1012 <4346

AFor the combined sample

Trelster+13



Il. Deep fields

Counterparts of Chandra sources: no z>5 candidates in 4 Msec data
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IS there a contradiction between
quasar surveys and deep fields”



Phenomenological modeling of black hole growth at z~6
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Schawinski+ (in prep)



Phenomenological modeling of black hole growth at z~6
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Phenomenological modeling of black hole growth at z~6
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Phenomenological modeling of black hole growth at z~6
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Phenomenological modeling of black hole growth at z~6

[imits from deep ftields:
Treister+13
Weigel+15
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Phenomenological modeling of black hole growth at z~6
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Phenomenological modeling of black hole growth at z~6

—2
¢ Jiang+ 2009
¥ Willott+ 2010
log \* = log(0.7) to log(0.9) —4 | ¢ Kashikawa+ 2015 |

0 to 100%
occupation fraction = 0.01%
MBH/Mstellar — (0.03 and 0.1

obscured fraction = 50%

duty cycle = 809

—20 —-22 =24 -20 —-28 -30

My

Schawinski+ (in prep)



the Chandra-COSMOS “X-ray V_js,ionary Project”




Take away messages: what Chandra
can do in the Next Decade

apparent tension between quasar surveys and deep fields
can be resolved if seed formation is highly inefficient

exploring the AGN LF at 4<z<10 is difficult, but possible
with Chandra — provided the right survey strategy is used.

reading material: Treister+13, Weigel+15, Trakhtenbrot+16
stay tuned for: Schawinski+16



