Highly excited CO lines in quasars at z>6
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Observations of (more than 60!) z > 6 quasars

Sloan Digital Sky Survey
(SDSS, Fan et al. 2001/2003/2006)

Canada-France High-z Quasar Survey
(CFHQS, Willott et al. 2005/2009/2010)

Visible and Infrared Survey Telescope

for Astronomy Kilo-degree INfrared Galaxy 1of

(VIKING, Venemans et al. 2014)

Panoramic Survey Telescope
And Rapid Response System 1
(PanSTARRS1, Banados et al. 2014)
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Black hole mass in high redshift quasars
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Tens of z = 6 quasars

(e.g. Barth et al. 2003; Willott et al. ﬁ MBH = (O 2-3 4) X 109 Msun

2003; Jiang et al. 2007; Priddey et al.
2003; Wang et al. 2010)



Possible pathways for the origin of SMBH seeds

Assumptions:

The BH is radiating at

I‘EDD
for all the time spent

accreting

e=0.1

0.4 0.6 0.8
Age of the Universe [Gyr]

e.g. Volonteri (2010)



Possible pathways for the origin of SMBH seeds

(1) Poplll remnants (2) Compact nuclear star clusters (3) Direct Collapse Black Holes
collapse of primordial stars Star collisions can lead Primordial gas
(Mpop=100 Mg,,) to the formation of VMSs irradiated by LW radiation
in DM minihalos in H,-cooling halos in atomic-cooling halos
(Mpy=10° Mg,) (T, <104 K) (T, >10%K)
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Constraints on the possible pathways
for the origin of SMBH seeds...
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through rest frame FIR emission lines




Rest frame FIR emission lines

Fine structure transitions from atomic species (C and N)
and rotational lines from the carbon monoxide molecule (CO)

(e.g. [CII] (2P5,-2P; ;) @158 um; [NII] (3P,-3Py) @205 um; CO (J-J-1) @ J x 115 GHz)
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The Plateau de Bure
Interferometer

Technical properties:
Array of 6 antennas

15 m diameter
9
NOEMA 12 antennas
(2018)

WAVELENGTH COVERAGE

(0.8 mMm<A<3mm)
(370 GHz > v > 80 GHz)

ANGULAR RESOLUTION
(0.35” <R < 0.8”)

1”7 =5.5 kpc @ z=6.4

operated by IRAM
(Grenoble)

The case of:

SDSS 1148 at z=6.4




Flux density (mJy)
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SDSS J1148 + 5251: RECORDS HOLDER at z=6.4
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SDSS J1148 + 5251: RECORDS HOLDER at z=6.4

J1148 [CII] (6 arcsec)

NEW surprising results
from the PdBI !!!

Total
(core+ouflow)

2000 -1000 0 1000 2000 Outflow

velocity (km/s)

5 sRA (1)

[CIl] emission
and outflowing gas The core contains
an extended component

up to 20-30 kpc i
> 20 kpc large !!! Gigantic outflow extend
up to > 30 kpc !!!

SRA (1)

Cicone et al. (2014)



DECLINATION (J2000)

CO observation in J1148
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DECLINATION (J2000)

CO observation in J1148
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Strong emission serendipitously detected in J1148
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First detection of the CO(17-16) line at high-z!
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Modelling the molecular clouds in J1148

F
/ X
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Modelling the molecular clouds in J1148
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Predictions on the X-ray flux of SDSS J1148 at z=6.4
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Prospects for detecting SMBH ancestors
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Prospects for detecting SMBH ancestors

Undetected/obscured

N, =10%cm™

(e.g. Comastri 2004)
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Prospects for detecting SMBH ancestors
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ALMA Cycle 2 proposal

Detection of high-J CO lines in other z=6 quasars...
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Chandra proposal

Constraints on Mg, and M,,, from X-ray observations
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SUMMARY

First detection of the CO(17-16) emission line at z=6.4
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SUMMARY

First detection of the CO(17-16) emission line at z=6.4

COSLED fit requires strong contribution from XDRs
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SUMMARY

First detection of the CO(17-16) emission line at z=6.4

COSLED fit requires strong contribution from XDRs

X-ray vs millimeter detectability of high-z quasars
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CONCLUSION

* First detection of the CO(17-16) emission line at z=6.4

e COSLED fit requires strong contribution from XDRs

* X-ray vs millimeter detectability of high-z quasars

High-J CO lines
are promising tools for detecting
(dust-obscured) SMBH ancestors
atz>6
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Predictions for CHANDRA soft band (0.5<E<2 keV)
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Predictions for CHANDRA soft band (0.5<E<2 keV)
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Flux density [Jy]

First detection of the CO(17-16) line
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NGC1068, a local Seyfert 2 Galaxy
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About the OH+ contamination
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