ALMA observations of
z>6.5 quasar hosts:
Massive galaxy formation in
the epoch of reionisation

Bram Venemans (MPIA) |



The Epoch of Reionisation
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Background

* When did the first galaxies and black holes form
and what were their characteristics?

* Tremendous progress in discovering galaxies out

to z>10 (e.g. Bouwens+ 11,12,13; Mclure+ 10,11,13;
Oesch+ 12,13; Ouchi+ 09,10; Zheng+ 12)

* Hard to study these galaxies in detail with current
facilities



Example: MACS1149-JD at z~9.6 (Zheng+ 12) |
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Follow-up faint sources difficult
Even getting redshifts 1s challenging...




“Himiko” at z=6.595: SFR;,y~100 M /yr
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Massive black hole — massive/ luminous galaxy
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Massive black holes at high redshift

* Find massive black holes: look for quasars
* Problem: quasars are very rare

* Need multicolour surveys over large area

— SDSS very successful in discovering many
luminous quasars up to z=6.4 (J1 148 at z=6.4)



Dust and [CII] emission in SDSS quasars

ALMA Cycle 0 data of mm bright quasars at z~6
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z=6.4 |

19 quasars at
5.7<z<6.4 from
the SDSS survey

fA

Fan, Carilli &
Keating 2006

z=5.7

T v v Y T v Y

114845251 2 = .42

| J1030+5254 z = 6.48

pe
T

 J1623+3112 z=6.22 h

[ J1048+4637 z=6.20

-

] J1250+3130 z=6.13

[ J1602+4228 z=6.07 ' 1 :
L J1630+4012 z=6.05 :
T——— SOOI o St A erswens b s e AT
F 113743549 2= 6.01 ;
- - W —
J0818+1722 2= 6.00
J1306+0356 z=5.99 7
J1335:3533 z=5.95 el i el
g anggntrl . © P acivad ﬁ.;u:':’.——..-.“'f -;‘.»'.".",’,J._-.'h e VY L . gE L

E J1411+1217 z=5.93 '\

[ J0840+5624 z=5.85

Londootmay At v -dom ofypevae iy A . wwe PRV  MaAMY

L JO005-0006 z=5.85 ;
[ J1436+5007 z=5.83 Mo 1 Ay "
D T s e e T TS W YWY S 'r"-- s e .,A,_ w’:.‘.l; ‘."A.1.1 L‘I“A:V,‘L:“:-:“ ‘,'J. 5 : ':. A ’ j
. JO836+0054 z=5.82 . _ 3

e
+

- J0002+2550 z=5.80

f J0927+2001 z=5.79

J1044-0125 z=574

Ny VW

. PRI S \ L M N

7800 800C 8200 8400 8600 8800 9000

MA)

6800 700C 7200 7400 7600

v9200 9400: 98‘00 A

r



Massive black holes at high redshift

* Find massive black holes: look for quasars
* Problem: quasars are very rare

* Need multicolour surveys over large area

— SDSS very successful in discovering many
luminous quasars up to z=6.4 (J1 148 at z=6.4)

* To find quasars at higher redshifts, wide field
NIR surveys are needed



Near infrared wide field surveys

® UK Infrared Deep Sky Survey (UK

SS)

® ESO VISTA surveys (VIKING, VHS)

® Pan-STARRS: includes y-band (~1 micron)

® Upcoming: Dark Energy Survey, Euclid, LSST, ...
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A luminous quasar in UKIDSS at z=7.1

Bright quasar: M, 5, = -26.6, My, =3x10° M

ULAS J1120+0641
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Four z = 6.5 quasars from VISTA/VIKING

* 4 z> 6.5 quasars 1n VISTA/VIKING survey
Ag~20.8-21.3 — My, -25.5 to -26.1
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Spectrum of || 120+0641 at z=7.1
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ALMA Cycle | snapshot observations

Observations in Oct-Nov 2013

3 z>6.5 quasar hosts from VIKING
21-30 min execution time (per source)
23-30 antennas used

|0-16 min on-source (45-60% efficiency)
reach same sensitivity as 9 hrs PdBI(!)

Resolution ~0.5” (requested: 1.6)



[CII] spectrum of ]2348-3054 at z~6.9
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[CII] spectrum of ]2348-3054 at z~6.9

Velocity based Mgll redshift [km/s]
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Map of [CII] emission of ]2348-3054
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Map of [CII] emission of ]2348-3054

Continuum- A
subtracted map,
averaged over 7
line FWHM
c
S 10"
@©
=
8
(]
11"
Blue: blue side
. 0 )
of line pez}k 300 54' 12" _@ o0 Qe
Red: red side | HQH%_H,'T,_
of line peak 23" 48™ 33.50° 33.40° 33.30° 33.20°

Right Ascension



[CIl] spectrum of J0109-3047 at z~6.75

Velocity based on Mgll redshift [km/s]
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[CIl] spectrum of J0109-3047 at z~6.75

Velocity based on Mgll redshift [km/s]
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Map of [CIlI] emission of J0109-3047
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Map of [CIlI] emission of J0109-3047
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[CIl] spectrum of J0109-3047 at z~6.75

Velocity based on Mgll redshift [km/s]
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Map of [CIlI] emission of J0109-3047
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[CII] spectrum of J0305-3150 at z~6.6
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[CII] spectrum of J0305-3150 at z~6.6

Flux density [mJy/beam]
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Map of [CII] emission of |0305-3150

Continuum- 54" -
subtracted map,
averaged over

line FWHM el
p

£ 6"
: -

57"

Marginally resolved?

-
-31 50'58" o

03" 05 17.05° 16.95° 16.85° 16.75°
Right Ascension



Map of [CII] emission of |0305-3150
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Comparison to
lower redshift
objects
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Summary

* (Quasars i1deal for early science observations
 ALMA observations of 3 z>6.5 quasars:

- [CII] luminosities of (1.3-2.5) x 10° L_

- FIR luminosities ~(1-6) x 102 L_

- Velocity shifts between Mgl and [CII]

- Additional components (spatially / in velocity)

- Range in Licppy/Leg



Outlook

* More ALMA Cycle 1 observations:
- high resolution [CII] in z=7.1 quasar host

* Proposed ALMA Cycle 2 observations:
- [CII] in z>6.5 quasar hosts 1n higher resolution
- CO(7-6) and CI transitions

* Study more z>6.5 quasars from VIKING, PS1...



