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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	
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Example: MACS1149-JD at z~9.6 (Zheng+ 12)	


Follow-up faint sources difficult	

Even getting redshifts is challenging…	




“Himiko” at z=6.595: SFRUV~100 Msun/yr	


Undetected in the 
FIR continuum in 
3.2 hrs with ALMA 
Cycle 0 (16 ant.)	
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Table 1
ALMA Observations and Sensitivities

νcont νline σcont σline fcont fline LFIR L[C ii]
(GHz) (GHz) (µJy beam−1) (µJy beam−1) (µJy) (µJy) (1010 L⊙) (107 L⊙)
(1) (2) (3) (4) (5) (6) (7) (8)

259.007 250.239 17.4 83.3 <52.1 <250.0 <8.0 <5.4

Notes. Columns: (1) and (2) central frequencies of continuum and [C ii] line observations that correspond to 1.16
and 1.20 mm, respectively. (3) and (4) 1σ sensitivities for continuum and [C ii] line in a unit of µJy beam−1. The
continuum sensitivity given in the total bandwidth for the continuum measurement is 19.417 GHz or 86.894 µm,
which is a sum of four spectral windows (see text). The line sensitivity is defined with a channel width of
200 km−1. (5) and (6) 3σ upper limits of continuum and [C ii] line in a unit of µJy. (7) and (8) 3σ upper limits
of far-infrared continuum luminosity (8–1000 µm) and [C ii] line luminosity in a unit of 1010 and 107 solar
luminosities, respectively. We estimate 3σ upper limits of far-infrared continuum luminosities at 40–500 µm
and 42.5–122.5 µm to be <7.36 × 1010 and <6.09 × 1010 L⊙, respectively. These far-infrared luminosities are
estimated with the assumptions of the graybody, βd = 1.5, and a dust temperature of Td = 40 K.

Figure 1. ALMA continuum data for Himiko at 259 GHz (1.16 mm). The
gray scale indicates the intensity at each position where darker regions imply
higher intensities. The black contours denote −3σ , −2σ , and −1σ levels, while
yellow contours show +1σ , +2σ , and +3σ significance levels where the 1σ
flux corresponds to 17.4 µJy beam−1. The white cross indicates the position of
Himiko. The ellipse in the lower corner denotes the beam size.

Figure 2 shows the ALMA [C ii] velocity channel maps for
Himiko. We searched for a signal of [C ii] over 600 km−1 around
the frequency corresponding to zLyα = 6.595. In Figure 2, there
are noise peaks barely reaching the 3σ level in 0 km s−1 and
−200 km s−1 that are slightly north and south of Himiko’s
optical center position, respectively. However, neither of these
sources is a reliable counterpart of Himiko. Although the
ALMA data reach a 1σ noise of 83.3 µJy beam−1, no [C ii]
line is detected. The corresponding 3σ upper limit for [C ii] is
250.0 µJy in a channel width of 200 km s−1. The associated
luminosity limit is <5.4 × 107 L⊙.

2.2. HST

The primary goal of the associated HST observations of
Himiko is related to the morphological nature of this remark-
able source. We carried out deep HST/WFC3-IR broad-band

(J125 and H160)12 and medium-band (F098M) observations for
Himiko. The two broad-band filters J125 and H160 measure the
rest-frame UV continuum fluxes and are free from contamina-
tion from Lyα emission, thus maximizing the amount of in-
formation on the stellar content for SED fitting (Section 3.3).
The intermediate-band filter of F098M fortuitously includes
the spectroscopically confirmed Lyα line of Himiko at 9233 Å
(Ouchi et al. 2009b) with a system throughput of 40%, which
is close to the peak throughput of this filter (∼45%). Thus,
the F098M image is ideal for mapping the distribution of Lyα
emitting gas.

Our observations were conducted in 2010 September 9,
12, 15–16, 18, and 26 with an orientation of 275◦. Some
observations were partially lost because HST went into “safe
mode” on 2010 September 9, 22:30 during the execution of
one visit. The total integration times for usable imaging data
are 15670.5, 13245.5, 18064.6 s for F098M , J125, and H160,
respectively. The various WFC3 images were reduced with
the WFC3 and MULTIDRIZZLE packages on PyRAF. To
optimize our analyses, in the multidrizzle processing we chose
a final pixfrac = 0.5 and pixel scale of 0.′′05132. We degraded
images of F098M and J125 to match the point spread functions
(PSFs) of these images with that of H160, which has the largest
size among the HST images. We ensured that the final WFC3
images have a matched PSF size of 0.′′19 FWHM.

Figure 3 presents a color composite HST UV-continuum
image of Himiko as well as a large ionized Lyα cloud identified
by the Subaru observations (Ouchi et al. 2009b). This image
reveals that the system comprises three bright clumps of starlight
surrounded by a vast Lyα nebula !17 kpc across. We denote
the three clumps as A, B, and C. Figure 4 shows the HST,
Subaru, and Spitzer images separately. The F098M image in
Figure 4 detects only marginal extended Lyα emission, because
of the shallower surface brightness limit of the 2.4 m HST
compared to the 8 m Subaru telescope. Nevertheless, we have
found a possible bright extended component at position D in
Figure 4. We perform 0.′′4 diameter aperture photometry for
clumps A–C and location D as well as 2′′ diameter aperture
photometry, which we adopt as the total magnitude of the
system. Tables 2 and 3 summarize the photometric properties.
It should be noted that Himiko is not only identified as an
LAE, but also would be regarded as an LBG or “dropout”
galaxy. Using the optical photometry of Ouchi et al. (2009b;
see also Table 3), we find no blue continuum fluxes for filters B

12 J125 and H160 are referred to as F125W and F160W , respectively.
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−200 km s−1 that are slightly north and south of Himiko’s
optical center position, respectively. However, neither of these
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250.0 µJy in a channel width of 200 km s−1. The associated
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formation on the stellar content for SED fitting (Section 3.3).
The intermediate-band filter of F098M fortuitously includes
the spectroscopically confirmed Lyα line of Himiko at 9233 Å
(Ouchi et al. 2009b) with a system throughput of 40%, which
is close to the peak throughput of this filter (∼45%). Thus,
the F098M image is ideal for mapping the distribution of Lyα
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observations were partially lost because HST went into “safe
mode” on 2010 September 9, 22:30 during the execution of
one visit. The total integration times for usable imaging data
are 15670.5, 13245.5, 18064.6 s for F098M , J125, and H160,
respectively. The various WFC3 images were reduced with
the WFC3 and MULTIDRIZZLE packages on PyRAF. To
optimize our analyses, in the multidrizzle processing we chose
a final pixfrac = 0.5 and pixel scale of 0.′′05132. We degraded
images of F098M and J125 to match the point spread functions
(PSFs) of these images with that of H160, which has the largest
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images have a matched PSF size of 0.′′19 FWHM.
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image of Himiko as well as a large ionized Lyα cloud identified
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reveals that the system comprises three bright clumps of starlight
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Figure 4 detects only marginal extended Lyα emission, because
of the shallower surface brightness limit of the 2.4 m HST
compared to the 8 m Subaru telescope. Nevertheless, we have
found a possible bright extended component at position D in
Figure 4. We perform 0.′′4 diameter aperture photometry for
clumps A–C and location D as well as 2′′ diameter aperture
photometry, which we adopt as the total magnitude of the
system. Tables 2 and 3 summarize the photometric properties.
It should be noted that Himiko is not only identified as an
LAE, but also would be regarded as an LBG or “dropout”
galaxy. Using the optical photometry of Ouchi et al. (2009b;
see also Table 3), we find no blue continuum fluxes for filters B

12 J125 and H160 are referred to as F125W and F160W , respectively.
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Locate the most luminous 
sources at high redshift	




Intrinsic Scatter of the M–s and M–L Relations 5

FIG. 1.— The M–s relation for galaxies with dynamical measurements. The symbol indicates the method of BH mass measurement: stellar dynamical
(pentagrams), gas dynamical (circles), masers (asterisks). Arrows indicate 3s68 upper limits to BH mass. If the 3s68 limit is not available, we plot it at 3 times
the 1s68 or at 1.5 times the 2s68 limits. For clarity, we only plot error boxes for upper limits that are close to or below the best-fit relation. The color of the error
ellipse indicates the Hubble type of the host galaxy: elliptical (red), S0 (green), and spiral (blue). The saturation of the colors in the error ellipses or boxes is
inversely proportional to the area of the ellipse or box. Squares are galaxies that we do not include in our fit. The line is the best fit relation to the full sample:
MBH = 108.12 M

�

(s/200 km s�1)4.24. The mass uncertainty for NGC 4258 has been plotted much larger than its actual value so that it will show on this plot.
For clarity, we omit labels of some galaxies in crowded regions.
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Massive black hole → massive/ luminous galaxy	


see e.g. 
Gültekin et al. 2009 



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 (J1148 at z=6.4)	

	




Dust and [CII] emission in SDSS quasars	


Wang+ 2013; see also Willott+ 2013	


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




Fan, Carilli & 
Keating 2006	


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

z=5.7	


z=6.4	


9800 A	




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 (J1148 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 (UKIDSS) 

•  ESO VISTA surveys (VIKING, VHS) 

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

•  Upcoming: Dark Energy Survey, Euclid, LSST, … 



A luminous quasar in UKIDSS at z=7.1 
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ULAS J1120+0641 

Bright quasar: M1450 = -26.6, MBH ≈ 3x109 M⊙ 

 (Mortlock, Warren, BV+ 2011) 
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J0305,&z=6.61&
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J0109,&z=6.75&

J1120,&z=7.08&

J2318,&z=6.45&

Four z ≳ 6.5 quasars from VISTA/VIKING	


▪ 4 z > 6.5 quasars in VISTA/VIKING survey 
  YAB ~ 20.8 - 21.3  →   MUV: -25.5 to -26.1 

BV+ 2013 
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Sky Sky 

Observed wavelength 

Black hole 
mass:	


1.5x109 M⊙	


1.0x109 M⊙	


2.1x109 M⊙	


De Rosa, BV+ 2014 



Spectrum of J1120+0641 at z=7.1	


BV+ 2012	


~9 hrs with PdBI	

L[CII]=1.2x109 Lsun	

LFIR=1.4x1012 Lsun    	


              (Td=47K, β=1.6)	

	




•  Observations in Oct-Nov 2013	


•  3 z>6.5 quasar hosts from VIKING	


•  21-30 min execution time (per source)	


•  23-30 antennas used	


•  10-16 min on-source (45-60% efficiency)	


•  reach same sensitivity as 9 hrs PdBI(!)	


•  Resolution ~0.5” (requested: 1.6”)	


ALMA Cycle 1 snapshot observations	




[CII] spectrum of J2348-3054 at z~6.9	




[CII] spectrum of J2348-3054 at z~6.9	


z[CII] = 6.903	

L[CII]=1.3x109 Lsun	
	


FWHM[CII]~475 km s-1	


LFIR=4x1012 Lsun 	

	




Map of [CII] emission of J2348-3054	


Continuum-
subtracted map, 
averaged over 
line FWHM	




Map of [CII] emission of J2348-3054	


Continuum-
subtracted map, 
averaged over 
line FWHM	


Blue: blue side 
of line peak	

Red: red side 
of line peak	




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




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


z[CII] = 6.791	

L[CII]=1.5x109 Lsun	
	


FWHM[CII]~340 km s-1	


LFIR=1.3x1012 Lsun	




Map of [CII] emission of J0109-3047	


Continuum-
subtracted map, 
averaged over 
line FWHM	




Map of [CII] emission of J0109-3047	


Continuum-
subtracted map, 
averaged over 
line FWHM	


Blue: blue side 
of line peak	

Red: red side 
of line peak	




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


Emission towards 
quasar MgII redshift?	




Map of [CII] emission of J0109-3047	


Continuum-
subtracted map, 
averaged over 
line FWHM	


Green: emission 
towards quasar 
MgII redshift	




[CII] spectrum of J0305-3150 at z~6.6	




[CII] spectrum of J0305-3150 at z~6.6	


z[CII] = 6.614	

L[CII]=2.5x109 Lsun	
	


FWHM[CII]~235 km s-1	


LFIR=6x1012 Lsun	




Map of [CII] emission of J0305-3150	


Continuum-
subtracted map, 
averaged over 
line FWHM	


Marginally resolved?	




Map of [CII] emission of J0305-3150	


Continuum-
subtracted map, 
averaged over 
line FWHM	


Green: second 
component	
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Figure 3. Ratio of [C ii] luminosity over FIR luminosity as function of FIR
luminosity. The values derived for J1120+0641 are indicated with the filled
circle. Also plotted are values for local galaxies (open stars; Malhotra et al.
2001), low-redshift luminous infrared galaxies (LIRGs; open squares; Maiolino
et al. 2009), galaxies at 1 < z < 2 (filled triangles; Stacey et al. 2010), and z > 2
LIRGs (filled diamonds; Maiolino et al. 2009; Ivison et al. 2010; Wagg et al.
2010; De Breuck et al. 2011; Cox et al. 2011). The L[C ii]/LFIR ratio found for
J1120+0641 is roughly between the average ratio found for local star-forming
galaxies (dashed line) and that of the z = 6.4 quasar J1148+5251 (large, black
diamond).
(A color version of this figure is available in the online journal.)

source and i its inclination angle. With an observed FWHM of
235 ± 35 km s−1, we derive a dynamical mass for J1120+0641
of Mdyn = (7.2 ± 2.9) × 109 (R/kpc) (sin i)−2 M⊙. Since our
observations do not resolve the source spatially, we can only
obtain an upper limit on the size of R ! 5 kpc. Assuming
an (unknown) inclination angle of 30◦ leads to a dynamical
mass of <1.4 × 1011 M⊙. Even in the extreme case that all
of this mass was present in the form of stars in the bulge of
the host galaxy and assuming that the bulge does not extend
beyond 5 kpc, this would imply a black hole-bulge mass ratio
of MBH/Mbulge > 1.4+1.2

−0.8 × 10−2. Unless the inclination an-
gle is below ∼20◦, this is above the locally observed ratio of
1.4–3.6×10−3 (e.g., Merritt & Ferrarese 2001; Marconi & Hunt
2003; Graham 2012), similar to what has been found in other
high-redshift quasars (Wang et al. 2008). Future observations,
especially high-resolution observations to derive the size and
inclination angle of the emission with ALMA, will improve the
constraints on the dynamical mass of the system and could lead
to a better estimate of the MBH/Mbulge ratio.

5. SUMMARY

Observations at 235 GHz using the PdBI resulted in the de-
tection of the [C ii] emission line and underlying dust contin-
uum emission in the host galaxy of the quasar J1120+0641 at
z = 7.085. These results show, for the first time, the existence
of significant amounts of cold gas and dust at z > 7, when the
universe was just 740 Myr old. Based on the mm observations,
we can derive the following properties of the quasar host galaxy:

1. The [C ii] luminosity of 1.2 ± 0.2 × 109 L⊙ is only a factor
∼4 lower than the one observed in the more luminous
z = 6.42 quasar J1148+5251. The width of the line
(235 ± 35 km s−1) is smaller that what has typically been
found in quasar host galaxies around z ∼ 6. The emission
remains unresolved at a resolution of 2.′′02 × 1.′′71, which
corresponds to 10.5 × 8.9 kpc2 at the redshift of the line.

2. The far-infrared flux density (at a rest-frame wavelength
of 158 µm) of 0.61 ± 0.16 mJy implies, depending on
the model that is used, a far-infrared luminosity of 5.8 ×
1011–1.8 × 1012 L⊙. If all the far-infrared dust emission is
powered by star formation, the SFR is between 160 and
440 M⊙ yr−1. The total dust mass implied by the FIR
emission is estimated to be in the range of 6.7 × 107–5.7 ×
108 M⊙. The L[C ii]/LFIR ratio of 6.8 × 10−4 − 2.1 × 10−3

is lower than those measured in local star-forming galaxies,
but (at least) a factor ∼3 higher than in J1148+5251.

3. If we assume that the [C ii] emission arises from a disk ge-
ometry, then the narrow line width implies a relatively small
dynamical mass of Mdyn = 7 × 109 (R/kpc) (sin i)−2 M⊙.
Taking an upper limit on the size of R < 5 kpc re-
sults in a limit on the dynamical mass of Mdyn < 3.6 ×
1010 (sin i)−2 M⊙. Even if all of the dynamical mass is in
the form of stars, the MBH/Mbulge is above the locally ob-
served ratio, unless the inclination angle is i < 20◦.

Future observations will allow us to better constrain the
properties of the host galaxy of J1120+0641. For example,
the detection of the far-infrared continuum at other frequencies
with, e.g., ALMA or the upgraded PdBI, the Northern Extended
Millimeter Array (NOEMA) will constrain the shape of the FIR
SED and thus LFIR. On the other hand, observations of the
[C ii] line at higher spatial resolution will provide information
about the extent of the line emission and will give better
constraints on the dynamical mass. Finally, the detection of
other (millimeter) emission lines such as CO, [C i] 370 µm,
[C i] 230 µm, [O i] 146 µm and/or [N ii] 122 µm (which could
be observed with, e.g., ALMA or NOEMA) will provide
estimates of the total gas mass and could shed light on the
metallicity and ionization state of the ISM in the host galaxy of
J1120+0641.

We thank the referee for the constructive comments and sug-
gestions which improved the manuscript. Based on observa-
tions carried out with the IRAM Plateau de Bure Interferometer.
IRAM is supported by INSU/CNRS (France), MPG (Germany),
and IGN (Spain).

Facility: IRAM:Interferometer.
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luminosity. The values derived for J1120+0641 are indicated with the filled
circle. Also plotted are values for local galaxies (open stars; Malhotra et al.
2001), low-redshift luminous infrared galaxies (LIRGs; open squares; Maiolino
et al. 2009), galaxies at 1 < z < 2 (filled triangles; Stacey et al. 2010), and z > 2
LIRGs (filled diamonds; Maiolino et al. 2009; Ivison et al. 2010; Wagg et al.
2010; De Breuck et al. 2011; Cox et al. 2011). The L[C ii]/LFIR ratio found for
J1120+0641 is roughly between the average ratio found for local star-forming
galaxies (dashed line) and that of the z = 6.4 quasar J1148+5251 (large, black
diamond).
(A color version of this figure is available in the online journal.)

source and i its inclination angle. With an observed FWHM of
235 ± 35 km s−1, we derive a dynamical mass for J1120+0641
of Mdyn = (7.2 ± 2.9) × 109 (R/kpc) (sin i)−2 M⊙. Since our
observations do not resolve the source spatially, we can only
obtain an upper limit on the size of R ! 5 kpc. Assuming
an (unknown) inclination angle of 30◦ leads to a dynamical
mass of <1.4 × 1011 M⊙. Even in the extreme case that all
of this mass was present in the form of stars in the bulge of
the host galaxy and assuming that the bulge does not extend
beyond 5 kpc, this would imply a black hole-bulge mass ratio
of MBH/Mbulge > 1.4+1.2

−0.8 × 10−2. Unless the inclination an-
gle is below ∼20◦, this is above the locally observed ratio of
1.4–3.6×10−3 (e.g., Merritt & Ferrarese 2001; Marconi & Hunt
2003; Graham 2012), similar to what has been found in other
high-redshift quasars (Wang et al. 2008). Future observations,
especially high-resolution observations to derive the size and
inclination angle of the emission with ALMA, will improve the
constraints on the dynamical mass of the system and could lead
to a better estimate of the MBH/Mbulge ratio.

5. SUMMARY

Observations at 235 GHz using the PdBI resulted in the de-
tection of the [C ii] emission line and underlying dust contin-
uum emission in the host galaxy of the quasar J1120+0641 at
z = 7.085. These results show, for the first time, the existence
of significant amounts of cold gas and dust at z > 7, when the
universe was just 740 Myr old. Based on the mm observations,
we can derive the following properties of the quasar host galaxy:

1. The [C ii] luminosity of 1.2 ± 0.2 × 109 L⊙ is only a factor
∼4 lower than the one observed in the more luminous
z = 6.42 quasar J1148+5251. The width of the line
(235 ± 35 km s−1) is smaller that what has typically been
found in quasar host galaxies around z ∼ 6. The emission
remains unresolved at a resolution of 2.′′02 × 1.′′71, which
corresponds to 10.5 × 8.9 kpc2 at the redshift of the line.

2. The far-infrared flux density (at a rest-frame wavelength
of 158 µm) of 0.61 ± 0.16 mJy implies, depending on
the model that is used, a far-infrared luminosity of 5.8 ×
1011–1.8 × 1012 L⊙. If all the far-infrared dust emission is
powered by star formation, the SFR is between 160 and
440 M⊙ yr−1. The total dust mass implied by the FIR
emission is estimated to be in the range of 6.7 × 107–5.7 ×
108 M⊙. The L[C ii]/LFIR ratio of 6.8 × 10−4 − 2.1 × 10−3

is lower than those measured in local star-forming galaxies,
but (at least) a factor ∼3 higher than in J1148+5251.

3. If we assume that the [C ii] emission arises from a disk ge-
ometry, then the narrow line width implies a relatively small
dynamical mass of Mdyn = 7 × 109 (R/kpc) (sin i)−2 M⊙.
Taking an upper limit on the size of R < 5 kpc re-
sults in a limit on the dynamical mass of Mdyn < 3.6 ×
1010 (sin i)−2 M⊙. Even if all of the dynamical mass is in
the form of stars, the MBH/Mbulge is above the locally ob-
served ratio, unless the inclination angle is i < 20◦.

Future observations will allow us to better constrain the
properties of the host galaxy of J1120+0641. For example,
the detection of the far-infrared continuum at other frequencies
with, e.g., ALMA or the upgraded PdBI, the Northern Extended
Millimeter Array (NOEMA) will constrain the shape of the FIR
SED and thus LFIR. On the other hand, observations of the
[C ii] line at higher spatial resolution will provide information
about the extent of the line emission and will give better
constraints on the dynamical mass. Finally, the detection of
other (millimeter) emission lines such as CO, [C i] 370 µm,
[C i] 230 µm, [O i] 146 µm and/or [N ii] 122 µm (which could
be observed with, e.g., ALMA or NOEMA) will provide
estimates of the total gas mass and could shed light on the
metallicity and ionization state of the ISM in the host galaxy of
J1120+0641.

We thank the referee for the constructive comments and sug-
gestions which improved the manuscript. Based on observa-
tions carried out with the IRAM Plateau de Bure Interferometer.
IRAM is supported by INSU/CNRS (France), MPG (Germany),
and IGN (Spain).
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Figure 3. Ratio of [C ii] luminosity over FIR luminosity as function of FIR
luminosity. The values derived for J1120+0641 are indicated with the filled
circle. Also plotted are values for local galaxies (open stars; Malhotra et al.
2001), low-redshift luminous infrared galaxies (LIRGs; open squares; Maiolino
et al. 2009), galaxies at 1 < z < 2 (filled triangles; Stacey et al. 2010), and z > 2
LIRGs (filled diamonds; Maiolino et al. 2009; Ivison et al. 2010; Wagg et al.
2010; De Breuck et al. 2011; Cox et al. 2011). The L[C ii]/LFIR ratio found for
J1120+0641 is roughly between the average ratio found for local star-forming
galaxies (dashed line) and that of the z = 6.4 quasar J1148+5251 (large, black
diamond).
(A color version of this figure is available in the online journal.)

source and i its inclination angle. With an observed FWHM of
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5. SUMMARY

Observations at 235 GHz using the PdBI resulted in the de-
tection of the [C ii] emission line and underlying dust contin-
uum emission in the host galaxy of the quasar J1120+0641 at
z = 7.085. These results show, for the first time, the existence
of significant amounts of cold gas and dust at z > 7, when the
universe was just 740 Myr old. Based on the mm observations,
we can derive the following properties of the quasar host galaxy:

1. The [C ii] luminosity of 1.2 ± 0.2 × 109 L⊙ is only a factor
∼4 lower than the one observed in the more luminous
z = 6.42 quasar J1148+5251. The width of the line
(235 ± 35 km s−1) is smaller that what has typically been
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remains unresolved at a resolution of 2.′′02 × 1.′′71, which
corresponds to 10.5 × 8.9 kpc2 at the redshift of the line.

2. The far-infrared flux density (at a rest-frame wavelength
of 158 µm) of 0.61 ± 0.16 mJy implies, depending on
the model that is used, a far-infrared luminosity of 5.8 ×
1011–1.8 × 1012 L⊙. If all the far-infrared dust emission is
powered by star formation, the SFR is between 160 and
440 M⊙ yr−1. The total dust mass implied by the FIR
emission is estimated to be in the range of 6.7 × 107–5.7 ×
108 M⊙. The L[C ii]/LFIR ratio of 6.8 × 10−4 − 2.1 × 10−3

is lower than those measured in local star-forming galaxies,
but (at least) a factor ∼3 higher than in J1148+5251.

3. If we assume that the [C ii] emission arises from a disk ge-
ometry, then the narrow line width implies a relatively small
dynamical mass of Mdyn = 7 × 109 (R/kpc) (sin i)−2 M⊙.
Taking an upper limit on the size of R < 5 kpc re-
sults in a limit on the dynamical mass of Mdyn < 3.6 ×
1010 (sin i)−2 M⊙. Even if all of the dynamical mass is in
the form of stars, the MBH/Mbulge is above the locally ob-
served ratio, unless the inclination angle is i < 20◦.

Future observations will allow us to better constrain the
properties of the host galaxy of J1120+0641. For example,
the detection of the far-infrared continuum at other frequencies
with, e.g., ALMA or the upgraded PdBI, the Northern Extended
Millimeter Array (NOEMA) will constrain the shape of the FIR
SED and thus LFIR. On the other hand, observations of the
[C ii] line at higher spatial resolution will provide information
about the extent of the line emission and will give better
constraints on the dynamical mass. Finally, the detection of
other (millimeter) emission lines such as CO, [C i] 370 µm,
[C i] 230 µm, [O i] 146 µm and/or [N ii] 122 µm (which could
be observed with, e.g., ALMA or NOEMA) will provide
estimates of the total gas mass and could shed light on the
metallicity and ionization state of the ISM in the host galaxy of
J1120+0641.
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Summary	


•  Quasars ideal for early science observations 

•  ALMA observations of 3 z>6.5 quasars: 

     -  [CII] luminosities of (1.3-2.5) x 109 Lsun  

     -  FIR luminosities ~(1-6) x 1012 Lsun 

     -  Velocity shifts between MgII and [CII]  

     -  Additional components (spatially / in velocity) 

     -  Range in L[CII]/LFIR 



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 in higher resolution 

    - CO(7-6) and CI transitions 

•  Study more z>6.5 quasars from VIKING, PS1… 


