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Black hole mass in high redshift quasars

Mortlock et al. 2011
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Black hole mass in high redshift quasars

Mortlock et al. 2011

Flux density, F, (W m~2 /,Lm_1)
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Possible pathways for the formation of SMBH

(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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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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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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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)

» Major coolants of the inter-stellar
medium in star forming galaxies

» The strongest emission lines in most
galaxies

» Unaffected by dust extinction

» Atz >4 the [Cll] emission line
is redshifted into the mm

Thanks to current powerful millimeter facilities
(e.g. APEX, PdBI, ALMA, NOEMA)
they are considered promising tools
to detect high-z star forming galaxies and characterize their ISM



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” =5.5 kpc @ z=6.4

operated by IRAM
(Grenoble)

The case of:

SDSS J1148 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)
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Cicone et al. (2014)
arXiv.1409.4418
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Total
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sRA (1)

The core contains
an extended component
> 20 kpc large !!!

[CIl] emission

and outflowing gas
up to > 20-30 kpc

Outflow

SRA (M)

Gigantic outflow extend
up to > 30 kpc !!!



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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Observed COSLED in J1148
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The most excited CO rotational transition
ever detected in such distant galaxies




Modelling the molecular clouds in J1148

F
/ X
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Modelling the molecular clouds in J1148
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Modelling the molecular clouds in J1148
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High-J CO lines are powerful probes of AGN activity



Prospects for detecting SMBH ancestors
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Prospects for detecting SMBH ancestors
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Prospects for detecting SMBH ancestors
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Prospects for detecting SMBH ancestors
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Prospects for detecting SMBH ancestors

CHANDRA vs ALMA detectability

i

6 2851 160 —

| | I |
7.0 7.5 8.0
logio Leo(iv-16) [Leun)

6.0

6.5 8.5

30 20 10 redshift " 6
This | |
work

100 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0.2 0.4 0.6 0.8 1.0

Age of the Universe [Gyr]

(¥T0T) "|e 39 lueJ3||en



Prospects for detecting SMBH ancestors

CHANDRA vs ALMA detectability
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In X-ray observations in z = 6 quasar

the typical flux detection limit of is = 10~erg s™1 cm™
(Shemmer et al. 2006; Page et al. 2013)
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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

 Observed COSLED requires strong contribution from XDRs
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SUMMARY

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

Observed COSLED requires strong contribution from XDRs

X-ray vs millimeter detectability of high-z quasars

:\ T ‘F‘x‘ L B B \‘ T T T 1 T E
*16.255 | | -]
. E < A 7t BT o .
E\\ZE *16.4;77777777777777777777; 777777777777 -
To -16.6— - VHE W% —
5 —16.8 : ! -
£ B ‘BRI
L S
. £ [ CHANDRA 4Ms L EN _
Gallerani et al. (2014) PR -
. 9 C = g ]
arXIv140914413 7174;‘, LY j‘p o u .é: 6.00 __]
L 5 €l 6 2851 160 n
—17e6ia v by by b J [ AR ‘ Ly [0
. . 6.0 6.5 7.0 7.5 8.0 8.5 9.0
Accepted for publication 10815 Leogrr-16) [Loun]

in MNRAS Letter



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

Gallerani et al. (2014)
arXiv1409.4413

Accepted for publication
in MNRAS Letter
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Log (r) [pc]

X-ray observations of SDSS J1148 at z=6.4
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80 ks of CHANDRA observing time will be used to check our predictions
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