
Stefano Carniani 
University of Florence & University of Cambridge 

 
 
 
 
 

 

Collaborators:  
A. Marconi, R. Maiolino, G. de Zotti, M. Negrello, R. Williams, G. Cresci,  F. Mannucci, L. Testi, A. Biggs   
G. Cupani, V. D’Odorico, E. Humphreys, R. Maiolino, P. Molaro, T. Nagao, M. A. Zwaan, K. Ota, C. 
Carilli, K. Ohta, M. Bothwell, I. Jones, K. Sheth, A. Ferrara, A. Fontana, M. Castellano, S. Gallerani, 
E.Vanzella, L. Pentericci, A. Grazian, S. Cristiani, P. Santini, L. Vallini and J. Wagg 
 
 



BR1202 – 0725 ( z ~ 4.7) 

HST F814W UH 2.2m Ly−alpha

SMG
Lya−1

QSO

Lya−2

ALMA [CII] G3ALMA 340GHz Optically 
obscured 
SMG 

QSO 

First ALMA detection of [CII]158µm at high-z (Wagg+12 & Carilli+13)  
•  18 antennae  with a maximum baseline of ~ 280 m 
•  Total exposure time ~25 min 
•  4 papers on this data (Wagg+13,Carilli+13,Carniani+13,Williams+14) 
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Figure 1. Left: white contours show the submillimeter continuum emission from BRI 1202-0725 at 340 GHz at 1.′′2×0.′′8 resolution (major axis north–south). Contour
levels are a geometric progression in square root two, starting at 0.25 mJy beam−1. Negative contours are dashed. The rms noise on the image is 0.1 mJy beam−1.
The color shows the HST F814W image of Hu et al. (1996). The SMG, quasar, Lyα-1, and Lyα-2 are indicated. Right: the integrated [C ii] emission in the velocity
range 0 km s−1 to 130 km s−1 (see Figures 2 and 3(c)). Contour levels are a geometric progression in square root two, starting at 1.0 mJy beam−1. The color is the
Lyα narrowband image from Hu et al. (1996). The Lyα image within ∼1′′ of the quasar is saturated. Note that saturation and diffraction spikes affect the HST and Lyα
images within about a 1′′ radius of the quasar.

Table 1
BRI 1202−0725 Parameters

Source Positiona S340 GHz [C ii] Line Peak FWHMc

J2000 (mJy) Redshiftb (mJy) (km s−1)

Quasard J120523.13−074232.6 18 ± 2.7 4.6942 24 ± 3.6 275
SMG J120522.98−074229.5 17 ± 2.5 4.6915 16 ± 2.4 712
Lyα-1 J120523.06−074231.2 <0.3 4.6950 5.1 ± 0.7 56
Lyα-2e J120523.04−074234.3 1.4 ± 0.2 4.7055 3.7 ± 0.6 338

Notes.
a Submillimeter continuum position, except for Lyα-1, which uses the [C ii] line
peak position.
b Formal errors from Gaussian fitting on the redshifts are <0.0003 in all cases.
c Formal errors from Gaussian fitting on the line widths are !15 km s−1.
d Redshift for single Gaussian fit (see Section 3.1).
e This line is truncated in velocity, and hence the fit is highly uncertain, and the
redshift is strictly a lower limit.

sources are shown in Figure 3 at 31.25 MHz spectral resolution
(=28 km s−1).

Strong [C ii] emission is seen from the SMG over essentially
the full frequency range in the first band. Likewise, strong
emission is seen from the quasar over a narrower frequency
range. For reference, we have fit Gaussian models to the
spectra, although admittedly the SMG spectrum is decidedly
non-Gaussian. Results from the fitting are given in Table 1 (see
Wagg et al. 2012 for more details on the SMG and quasar
spectra).

Inspection of the [C ii] channel images shows emission from
the vicinity of Lyα-1, between the quasar and the SMG, in a few
channels just above 0 km s−1. Figure 1(b) shows the integrated
emission in the velocity range 0 km s−1 to 100 km s−1, with
the Lyα image of Hu et al. (1996) in color. This apparent [C ii]
emission is seen along the direction of the extended Lyα tail
from the quasar toward the SMG (Hu et al. 1997), peaking

close (within 0.′′3) to galaxy Lyα-1. A spectrum at this peak
position near Lyα-1 is shown in Figure 3(c). The [C ii] emission
from Lyα-1 is narrow, with an FWHM ∼56 km s−1, centered at
z = 4.6950. Note that it is difficult to conclude based on these
relatively low spatial resolution data whether this emission is
truly extended between the quasar and Lyα-1, or simply blended
by the limited spatial resolution. The [C ii] emission around the
quasar also appears extended in the direction of Lyα-2 in the
channels around +250 km s−1 to +300 km s−1.

The two highest velocity channels in Figure 2 show [C ii]
emission from galaxy Lyα-2. Figure 3(d) shows the spectrum
of this galaxy. Since the redshift of this galaxy was essentially
unknown prior to the observations, the spectral coverage trun-
cates some unknown fraction of the line at high velocity (low
frequency). Hence, we do not know the full velocity extent nor
total luminosity of the [C ii] emission for Lyα-2, and the redshift
is strictly a lower limit.

Figure 4 shows the iso-velocity image (moment 1 = intensity-
weighted mean velocity) of the [C ii] emission made using a
3.5σ blanking level. There is a clear east–west velocity gradient
across the SMG. This can be seen in the channel images
(Figure 2), where the peak of the line emission moves by about
1.′′7 east to west from low to high velocities. The tail of emission
to the north of the quasar toward Lyα-1 is also seen, as well
as the extended emission to the southwest of the quasar toward
Lyα2.

Figure 5 shows a position–velocity (PV ) plot along the major
axis (east–west) of the SMG. The E–W velocity gradient is clear,
as well as a twist in the line of nodes at the extrema in velocity.
Such a twist could signal a warped disk in atomic gas.

4. ANALYSIS

Wagg et al. (2012) present a detailed analysis of the main [C ii]
line and dust continuum emission from the quasar and SMG in
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Figure 1. Left: white contours show the submillimeter continuum emission from BRI 1202-0725 at 340 GHz at 1.′′2×0.′′8 resolution (major axis north–south). Contour
levels are a geometric progression in square root two, starting at 0.25 mJy beam−1. Negative contours are dashed. The rms noise on the image is 0.1 mJy beam−1.
The color shows the HST F814W image of Hu et al. (1996). The SMG, quasar, Lyα-1, and Lyα-2 are indicated. Right: the integrated [C ii] emission in the velocity
range 0 km s−1 to 130 km s−1 (see Figures 2 and 3(c)). Contour levels are a geometric progression in square root two, starting at 1.0 mJy beam−1. The color is the
Lyα narrowband image from Hu et al. (1996). The Lyα image within ∼1′′ of the quasar is saturated. Note that saturation and diffraction spikes affect the HST and Lyα
images within about a 1′′ radius of the quasar.
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b Formal errors from Gaussian fitting on the redshifts are <0.0003 in all cases.
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sources are shown in Figure 3 at 31.25 MHz spectral resolution
(=28 km s−1).

Strong [C ii] emission is seen from the SMG over essentially
the full frequency range in the first band. Likewise, strong
emission is seen from the quasar over a narrower frequency
range. For reference, we have fit Gaussian models to the
spectra, although admittedly the SMG spectrum is decidedly
non-Gaussian. Results from the fitting are given in Table 1 (see
Wagg et al. 2012 for more details on the SMG and quasar
spectra).

Inspection of the [C ii] channel images shows emission from
the vicinity of Lyα-1, between the quasar and the SMG, in a few
channels just above 0 km s−1. Figure 1(b) shows the integrated
emission in the velocity range 0 km s−1 to 100 km s−1, with
the Lyα image of Hu et al. (1996) in color. This apparent [C ii]
emission is seen along the direction of the extended Lyα tail
from the quasar toward the SMG (Hu et al. 1997), peaking

close (within 0.′′3) to galaxy Lyα-1. A spectrum at this peak
position near Lyα-1 is shown in Figure 3(c). The [C ii] emission
from Lyα-1 is narrow, with an FWHM ∼56 km s−1, centered at
z = 4.6950. Note that it is difficult to conclude based on these
relatively low spatial resolution data whether this emission is
truly extended between the quasar and Lyα-1, or simply blended
by the limited spatial resolution. The [C ii] emission around the
quasar also appears extended in the direction of Lyα-2 in the
channels around +250 km s−1 to +300 km s−1.

The two highest velocity channels in Figure 2 show [C ii]
emission from galaxy Lyα-2. Figure 3(d) shows the spectrum
of this galaxy. Since the redshift of this galaxy was essentially
unknown prior to the observations, the spectral coverage trun-
cates some unknown fraction of the line at high velocity (low
frequency). Hence, we do not know the full velocity extent nor
total luminosity of the [C ii] emission for Lyα-2, and the redshift
is strictly a lower limit.

Figure 4 shows the iso-velocity image (moment 1 = intensity-
weighted mean velocity) of the [C ii] emission made using a
3.5σ blanking level. There is a clear east–west velocity gradient
across the SMG. This can be seen in the channel images
(Figure 2), where the peak of the line emission moves by about
1.′′7 east to west from low to high velocities. The tail of emission
to the north of the quasar toward Lyα-1 is also seen, as well
as the extended emission to the southwest of the quasar toward
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Figure 5 shows a position–velocity (PV ) plot along the major
axis (east–west) of the SMG. The E–W velocity gradient is clear,
as well as a twist in the line of nodes at the extrema in velocity.
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3

SFR	  ~	  20	  M¤yr-‐1	   SFR	  ~	  3000	  M¤yr-‐1	  

SFR	  ~	  3000	  M¤yr-‐1	   SFR	  ~	  70	  M¤yr-‐1	  

Star forming systems 
more representative 

of the bulk of the 
population 

BR1202 – 0725 [CII] emission 

Hu et al. 1996 
Carilli et al. 2013  



QSO SMG 

The asymmetry of the [CII] line emission suggests the presence of a 
companion   

BR1202 – 0725 [CII] emission 

Carniani et al. 2013 



QSO & SMG 
+ 

5 faint [CII] sources 

Major and Minor Merging ??           

Hu et al. 1996 
Carilli et al. 2013  

Carniani et al. 2013 



Kinematic Analysis of [CII] 

Velocity map Model Model × PSF Residual 

Mdyn~1010 M¤ 
 
inc  ~  15o 

Mdyn ~ 1010 M¤ 
 
inc  ~  25o 

 

Carniani et al. 2013 



Kinematic Analysis of [CII] 

Velocity map Model Model × PSF Residual 
Waiting for future ALMA 

observations…stay tuned 

Carniani et al. 2013 

Mdyn~1010 M¤ 
 
inc  ~  15o 

Mdyn ~ 1010 M¤ 
 
inc  ~  25o 

 



Cosmic Infrared Background 

0.1 1.0 10.0 100.0 1000.0
Wavelength h [µm]

10-9

10-8

10-7

W
 m

 -2
 sr

-1

106 105 104 103

Frequency i [GHz]

VHE Blz

HST

HESS

IRTS

DIRBE
Lick/2MASS

CAT
a rays

IRAC
Spitzer

15µm
ISO

DIRBE/CAT/IRAS

850µm
SCUBA

200 - 1200µm

FIRAS

24µm
MIPS

Spitzer

70µm
MIPS

Spitzer

160µm
MIPS

Spitzer

CIB COB 

~ 7% is resolved  

The CIB is due to UV light absorbed by dust and re-radiated in the 
infrared wavelength range  
 Dole et al. 2006 

Scott et al. 2012 
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Data: 
       ALMA band 6 & 7 cycle 0 & 1                    

 18 continuum maps 
Area: 
      2 primary beams 
 
Source extraction requirements: 
     1.  S/N > 3.5
    2. size source ≈ ALMA beam
 

50 sources with flux densities down to 60 µJy 

Carniani et al. (in prep.) 
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The differential number counts increase with decreasing flux density down to 
0.1 mJy at 1.1 mm and to 0.06 mJy at 1.3 mm 
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•  Contribution from faint sources is larger 
than the one from bright (> 1mJy) objects 



Conclusions  
BR 1202-0725 system (Carniani et al. 2013) : 
•  First [CII] detections of faint galaxies at z ~ 4.7 

•  Strongly star-forming rotating disks in a complex merging 
system  

CIB observed with ALMA (Carniani et al. in prep.) : 
•  50 sources detected at 1.1 and 1.3 mm 

•  ~75%  of the CIB is due to sources with SFR > 40 M⊙ /yr 

 

 


