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WHAT WE KNOW

1. From Planck : at z=7.5, 50% of Hl is ionised
2. From LBG surveys : observable LBGs account for =50% of the
required ionising flux
=>» othersources ? Less luminous LBGs? AGN ?

KEY QUESTIONS

When did the first galaxies form in
the early Universe ?

Is there a significant contribution
to reionisation from AGN ?

= ML + 68% Credibility Interval

- Robertson et al. 2013
Forced Match to WMA

A Ly-a Forest Transmission
A Dark Ly-a Forest Pixels
O m Quasar Near Zone
O GRB Damping Wing Absorption
O Ly-a Emitters
# Ly-a Galaxy Clustering
@ Ly-a Emission Fraction

Redshift z

Robertson et al. (2015)

See also Bouwens etal. (2016)



The other candidates ?

L>0.05L;_,

Trenti et al. (2012)

Based on the few GRBs
detections at z>6, it seems that
their contribution is not

negligible.

Need more detections
(eg. SVOM)

The faint LBGs may have a non-
negligible contribution. But
they are well below the limit of
current telescopes

!

Need to constrain the faint-end
of the UV LF (e.g. JWST)
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A major contribution from massive galaxies ?

Naidu et al. (2019)
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A recent high-resolution N-body, dark-matter simulation (Tacchella
et al. 2018) aiming to match the rapid end to the reionisation (see This population of sources only represents 5% of
Richard’s talk) suggests that =80% of the reionisation budget the total population of galaxies.

comes from Myy<-18 and M«>108M, (Naidu et al. 2019)




Massive galaxies hosting AGN activity at z>7 may

be rare

= This Work
Finkelstein et al. (2015)

Bouwens et al. (2015a)

Bouwens et al. (2015b)
Oesch et al. (2013)
Oesch et al. (2014)

Mason et al. (2015)

The most massive galaxies are expected to be the most
luminous objects at a given redshift.

They are also the best candidates to host AGN activity

But as it is observed or expected by simulations, the
density of massive objects is small at very high redshift.




Searching for AGN in wide deep field surveys

UltraVISTA (McCracken et al., 2012)

3

CANDELS JWide ( Grogin et al., 2011 ) * CANDELS is one of the largest field in NIR,

WUDS (Pello et .I 018) with deep data at optical wavelength.

CANDELS Deep

2

* The recent WIRCam Ultra Deep Survey
Frontior Fiolds ( ot al. 2017) (Pelld et al. 2018) is another interesting

HUDF (Bouwens - field to search for massive galaxies at z>6
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An brief introduction to the WUDS survey

B T el AR R A R PR IS RO o -
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WIRDS (extended JHKS)

Pellé , NL etal. (2018)

50hrs WIRCAM/CFHT in Y-,J-,H- and Ks bands
Optical data from the CFHT-LS

50 depths : 26.5 AB (Y) ; 26.1 (J) ; 25.5 (H, Ks)
Effective surface : 400 arcmin?

Reduced data available at: http://wuds.irap.omp.eu/

* Expected number of My, < -20:9 atz>7.5




Overview of the selected z> 7 sample

Roberts-Borsani et al. (2016)
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EGSY-2008532660

H-band : 25.0—- 25.3 AB

These are the brightest galaxies in the WUDS and
CANDELS surveys, they are therefore excellent
Laporte et al. (sub.) candidates for hosting AGN

H-band : 24.3 - 25.6 AB
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NIR spectroscopic follow-up to confirm the
AGN nature of these massive galaxies

photon energy (eV)

NVHNVI

NelViNeV

Feltre et al. (2016)

The species requiring ionisation energies
greater than 50eV are the most promising
indicators of the presence of an AGN.

The hardness of the “AGN” radiation field
permits Nitrogen to be quadruply ionised (NV)

This line is difficult to reconcile with star-
forming galaxy radiation field.



A survey of massive z>7 galaxies for AGN activity

No Ly-q,
but ClIl at z=6.85

Broad Ly-a
at z=6.82

200853266(0
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e 50hrs program with XSHOOTER/VLT (097.A-0043, PI: R. Ellis)
» 3targets: the brightest targets selected in CANDELS (COSMOS field)

* 5hrs on MOSFIRE/Keck
e 1 target selected in CANDELS (EGS field)



Strong case for an AGN at z=7.15

11h20 on source

- 3 emission lines : Ly-a (8o), NV(50)
and Hell (40)

- Hellline confirmed by MOSFIRE/Keck
observations

- Aly-a=290 km/s

_p » .,y ';»'i. .
" Ly-a / VLT ‘-* 3 ).
Wl e hlﬁv B ?#""J'} .'/“\
5 -\
""".%' \ .f-a?l 7 'H’[-"' i'*’#

s ‘e'r'

N e -
' NV/VLT
"‘." wﬁm

"Cm ! _al:

- No detection on Chandra data (X-ray)

- Redshift consistent with [ClI] detection (Pentericci et al. 2016)
Laporte et al. (2017)



Photoionization modeling

We used photoionization models (Nakajima et al. 2017) to
determine the nature of this z=7.15 object.
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In the two other COSMOS targeted objects we found no
evidence for AGN activity.

103 102 0.1
Nv1240/Hell1640

Laporte et al. (2017)



Tentative evidence for AGN activity at z=8.68 7

- 5 hrs on source with MOSFIRE Keck

smoothed

- 2 emission lines : Ly-a (80) and NV(50)

unsmoothed

- Aly-a=360km/s

2D spectrum

* The absence of other emission lines (Hell, ClV,
ClIll) makes the situation less conclusive

e Other data are needed to determine the
nature of this object.
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Mainali, ..,NL et al. (2018)




Confirming the AGN nature with ALMA

ZC‘II [h[‘g‘/l{])cz] ZOIH [1\1‘:‘/1(1)('2]

104 102 104 10°

Hydrodynamics simulations show
that the presence of an AGN at
very high redshift changes the
distribution of OIl1]188um.

In an AGN at very high redshift,
the distribution of OIlI|88 um is
narrower compared to what is
observed without AGN.

The CI]1158 um distribution is not
affected by the presence or not of
a central black hole.

Katz et al. (in prep)



Sub-mm observation of the z=8.68 AGN
candidate : absence of dust and [NI1]205um

N
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- 11hrs on source
- Winter 2018 (PI: Laporte)

ne=10cm 3,(1:0

— — 00 = 1OOcm“3. o=0

-——-=ne=800cm>, 0=0

- RMSon line: 0.3mlJy/beam
- RMSon dust : 20ply/beam

!

Mgust (20) < 2x10° M
Lai (20) < 1.5x107 Lg,

ne0 = 100 cm 3, o=2 /

v
v
o ®
v
.

MAPPINGS-III 5
084 ., 082 14:20:08.C

ne = 10 cm™, Z = [0.02,0.04]
3

ne = 100 cm™, Z = [0.02,0.04] La porte et al. (in prep)

r 8
109, (L i 205 pm [Lsund) The absence of dust, as well as the absence of

NIl]205pum challenge the AGN hypothesis, but
Herrera-Camus et al. (2016) more data are clearly needed.




.

S@mmary and-Con€lusions =~ .
%= e ' . > ‘— | . ( . 2
R ‘ ® . : - ¢
' y . " » . o g
o S - . o . - o
The observable LBGs account for 50% of the  We selected 11 objects at z>7 .
photons budget required to the reionisation - - _ :-

: NIR Spectroscopic follow-up of 4.of ™~
Among other reionising sources, AGN are | them suggests that2'may hOStAGN

expected to play a non-negligible role. \ .

* The absence of\.dust and ‘the non-
. s -~ detection of [NI]205pm .in one of
To study AGN contribution, one can search them may challenge this hypothesis.
for the most massive abjects in large deep : :

blank fields e, o
) * More *AGN - candidates . are clearly
. " needed to improve the constraints on

We used two deep surveys'to search for AGN : - *"  their contribution to reionisation.
CANDELS and WUDS .
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