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CONCERTO at APEX:  
Installation and first phase of on-sky commissioning

A. Catalano on behalf of CONCERTO Collaboration
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CONCERTO Project

   Main Goals: 1200 hours          Observations of the [CII]-emission line at high redshift  
                       20 hours          SZ signal from galaxy cluster RXJ1347−1145 (z = 0.45)

   Pathfinder: KISS installed at Qujiote (Tenerife) since end of 2018. Still observing (see Fasano Talk) 
Status: Concerto is installed at 12 m APEX telescope April 2021 (3 weeks commission phase until now)

   Schedule: Science Verification in June (2 weeks), Regular observations starts in August. 

- Spectro-Interferometer (spectral resolution R > 100) 
- Observing between 120 GHz - 350 GHz from 12 m APEX Tel.  
- Large Field of View (20 Arcmin) 
- LEKID Technology 
- Collaboration  LAM - Inst. Néel - LPSC - IPAG  

Fundings : ERC Advanced Grant  
Duration of the project : 60 months 
Staring  : 1st January 2019 
P.I. :  Guilaine Lagache (LAM)
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CONCERTO ProjectScience Driver #1 : Intensity Map of CII line

GOAL:

Strategy:

Answer the questions of whether dusty star-formation contributes to early galaxy 

evolution, and whether dusty play an important role in shaping cosmic deionization

Intensity mapping technique : 3D mapping of the fluctuations of the [CII] line 

emission at redshift  4.5 < z < 8

WHY CII? 


• One of the brightest emission 
line in spectra of Galaxies 


• Tracer of dusty star formation 
at high redshft 


• redshifted into the relative 
transparent sub-mm and mm 
atmospheric window 

Expected Performance

Redshift z=6 
Int. Time=840 h

CONCERTO collaboration, 2020, A&A 642, 60 
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CONCERTO ProjectScience Driver #2 : Galaxy Cluster via SZ Effect

GOAL:
Use spectroscopy to fully separate 
different components and extract 
physical information from spectral 
distortions: pressure, temperature, 

density, mass LOS velocity

Simulated RXJ1347−-1145 Cluster (9 bins)

z = 0.45
Int. Time=15.3 h
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CONCERTO : Instrument Definition

1) Large Survey Area and band 120-350 GHz
(few Degrees)
2) Low Spectral Resolution 
(~1.5 GHz very low redshift are not required)
3) Moderate Angular Resolution 
(at small angular scales 3D power spectrum 
is dominated by shot noise rather then 
clustering of galaxies).
4) Maximum Sensitivity 
(Photon noise detectors)

1) Telescope : 12m - APEX
(~ 20 arcmin corrected FP angular 
resolution from about 30 to 20 arcsec)
2) FTS Technique - Fast MPI  
(10 cm excursion , fast acquisition, 
avoid 1/f noise from the Atmosphere.)
4) 2 Arrays of about 2000 pixels.

19/33

REQUIREMENTS Technical Solution

FINAL INSTRUMENT 
GOALS
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 Technological Choice : Why FTS?

…..[n1, nN]

n1 n2 n3 …..  nN-2 nN-1 nN

e.g. DESHIMA on ASTE

e.g. CONCERTO on APEX

…..

[n1, nN]

FFT
n1 n2 n3 …..  nN-2 nN-1 nN

INTERFEROMETER

On-Chip (Ex: Deshima or Superspec)

FTS (KISS/CONCERTO)

N pixels one per each band of freq.  
observing instantaneously a point 
on the sky   

1 pixel  recovering all the bins of freq.  
observing a point on the sky in a Δt 
(one Interferogram)  

The Choice of the FTS would give:  

• More compact instrument

• A factor of 10-100 less detectors

• Same factors for the Cold/Warm REU

With an FTS, the complexity of the FPU is strongly reduced!  

Giving a focal plane of a reasonable size observing the sky  
in 3-dimensions with large mapping speed. 
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CONCERTO Design

Photometry

Spectrum

Simulated TOI where for each point in time (each 1 s.) 
an interferogram (1000 points) is produced

Original optical design adopted for CONCERTO: 

Interferometry

-
2 possible configurations: 

- Cold reference from a cold black-body (or a mirror by narcissus effect) at a given tuneable 
temperature 
 
- Hardware subtraction of the constant common mode from the atmosphere. 

Andrea Catalano - CMB France 2021 - 06 - 02

Reference

 Black Body

CONCERTO Cryostat 

Detectors
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Interferometry

Spectrum

Simulated TOI where for each point in time (each 1 s.) 
an interferogram (1000 points) is produced

Photometry

-
2 possible configurations: 

- Cold reference from a cold black-body (or a mirror by narcissus effect) at a given tuneable 
temperature 
 
- Hardware subtraction of the constant common mode from the atmosphere. 

Original optical design adopted for CONCERTO: 

CONCERTO Design

Andrea Catalano - CMB France 2021 - 06 - 02

Detectors

CONCERTO Cryostat 
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Real Life Instrument : Signal Processing 
Saturn Observations

We modulate the frequency on the local 
oscillator before each interferogram producing 
some dead time at each block of data. 

Electrical Modulation Useable Signal (Interfero)

Baseline (Photometric Signal)

Typical raw signal for the 
interferometers (Saturn 
Obs. - 25th of April)  
Sky + Cold Reference 
Configuration

Data Sampling: 3.8 kHz
Data Rate: 128 MByte/sec
Sky Sampling (Phot.): up to ~ 3 kHz
Sky Sampling (Interfero.): ~ 3 Hz
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CONCERTO Cryostat and Enslavements
Rotation  of  the  cryostat  (and  optics)  following  
the telescope elevation

Improvements From NIKA2
  

- Bandwidh : from 0.5 to 1 GHz
- # tones : from 300 to 400

Improvements From NIKA2
  

-  Thinner Silicon Substrate 
- Polarised meander (instead of Hilbert)

2 KID Arrays (4304 pixels) 

Band-Passes 
(raw + RJ source)

12 REU Boards
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CONCERTO Step by Step: from the lab…
07/2018 - 06/2020:  

Design, Fabrication, Sub-systems Qualification 

01/03/2021 :  
Shipping to Chile

06/2020 - 02/2021: Assembly + Lab Tests

Mirrors

Cryogenics

Polarisers
100mK Block

Detectors, REU, Lenses,  
Mirrors, Polarisers, Cryogenics,  
Mechanics have been designed 

and fabricated in our labs.
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…to APEX

6 people from Néel, LPSC, LAM  
have travelled to APEX  

challenging the pandemic with a huge back up  and support of people  remained in France 

CONCERTO Boxes  
at the APEX Telescope

…….Lifting CONCERTO….. CONCERTO Installed!
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CONCERTO First Commissioning (April-May 2021)
Mars Beam Map (02/05/2021)

Beam radial profile.
LF HF

Very First Focal  
Plane Geometry > 90 % Functional pixels
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Herschel 250 
micron smooth 
by 4 pixels

CONCERTO First Photometric Observations

Crab Nebula (Tau A)
• 2.5 minutes integration 
• LF Array (left) 
• HF Array (right)
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CONCERTO First Photometric Observations

Cats Paws (NGC6334)

• 16 minutes integration 
• LF Array (Blue) 
• HF Array (Green) 
• Herschel 250μm (Red) 

37 x 25 arcmin^2 field
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Conclusions

• CONCERTO has been successfully installed @ APEX in April 2021, in time with the 
ERC schedule.

• The instrument is fully functional, with 90% of the pixels exhibiting beams. The 
preliminary sensitivity estimations are well in agreement with expectations.

• In Progress: Science Verification planned in June/July:  
              - Deep field  
              - Bright Galaxy Cluster observation in few bins

• Science Observations planned until 2023 
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THANK YOU


