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 Introduction

The star formation in galaxies is assumed to be the primary energy source behind the reionization

[CII] line, at rest-frame 157.7 μm, a dominant coolant in ISM, brightest line in typical SF galaxies

(Astro2020 Science White Paper)

Compared to galaxy surveys, LIM retains full spectral resolution probing higher redshifts.



CII LIM surveys
TIME : the tomographic ionized-carbon intensity mapping experiment, based on 

CCAT-prime (FYST): Cerro Chajnantor Atacama Telescope-prime, based on 
, aiming at intensity mapping during the Epoch of Reionization

DESHIMA : the Deep Spectroscopic High-redshift Mapper, based on 
.

CONCERTO : Carbon [CII] line in post-reionization and reionization epoch project, based on 
Lumped Element Kinetic Inductance Detectors and Martin-Puplett interferometer

Time CCAT-prime DESHIMA CONCERTO



 Instrument
Detectors: 
      Kinetic Inductance Detectors (KID), two bands (HF: and LF: .)
      Double-array each with 2152 KIDs , Very large FoV ~18.6 arcmins, (thousands beams)                
Interferometer: 
      Martin-Puplet interferometer (like a Michelson interferometer but with a movable mirror)
      Spectral resolution: R (ν/δν) = 100 to 300, ~1 GHz
      Perform continuously path interferograms at a frequency of 4Hz (Faster than most of the sky 
noise)
Telescope:
     Apex,  angular resolution ~30 arcsec



Right : CONCERTO 
cryostat and warm 
electronics in the 
laboratory (A. Catalano 
et al 2021)

Up: CONCERTO integrated in 
laboratory (A. Monfardini et al 
2021)

Left: the instrument in 
the C-cabin(A. 
Monfardini et al 2021)



 Timelines
In Lab test campaign:  1st/11/2020 - 20/02/2021

Shipped to Apex :  Mar 2021 (only 2 months delayed because of COVID)

Installation at APEX :  April 2021

Commissioning : April and May 2021

Scientific observation : started from June 2021, 
                                     Main project : LIM on COSMOS, OTF scan mode,  using black body as
                                                           reference, ~1.5deg x 1.5 deg, ~ 760, hours’data has been                 
                                                           collected
                                     Open time :    RXJ1347, Abell2744 and other galaxies and clusters have   
                                                           been observed. 
                                  
Observation is mostly complete, with the final scans arriving in May 2023, CONCERTO will be   
removed from Apex on 23th May 2023



transmission and measured 
bandpass on Apex Site

normalized spectrum of Mars

working on tackling the systematic effect in the interferometric part of the data ! 

(Hu et al, to be submitted) 



Photometric Data Processing
Photometric data processing pipeline : 

data reading and raw-data calibrating,   bad KIDs masking,   Flat-Field normalization,   opacity 
correction,   correlated noise subtraction   and   map projection.

Crab nebula (ESO press release) 
Cat's Paw nebula (ESO press release) 



KIDs positions for arrays LF and HF labeled with the percent a KID was identified 
as valid in the data processing of 34 Uranus photometric pointing scans.

Photometric Data Processing
Masking :  derived relative deviation of calibration factor ,   regulation or cryostat position, 
tuning frequency,   recorded position,  beam FWHM,   amplitude,   eccentricity   and   std of the 
continuum

(Hu et al, to be submitted) 



Photometry and Stability

Continuum map for Mars：



Photometry and Stability

Left : the measured flux from Uranus continuum maps for the spectroscopic (MPI ON) and 
photometric (MPI OFF) observations. 
Right : the histogram of the measured flux for HF and LF.  For HF and LF :
 641.33 +- 21.98 Hz and 648.19 +-34.84 Hz

(Hu et al, to be submitted) 



Photometry and Stability

(Hu et al, to be submitted) 

Flux Stability against 
the PWV, beam size, 
observation time



Absolute photometric calibration
Calibration on Uranus

The Jy-to-Hz calibration factor for 
CONCERTO HF(blue) and LF(red) band. 

The factor is 17.16 ± 0.75 [Hz/Jy] and 19.72 ± 1.06 [Hz/Jy] for 
HF and LF, respectively.

(Hu et al, to be submitted) 



Absolute photometric calibration
Implication for Mars

The measured-to-predicted flux 
density ratio for Mars, calcu- lated 
by comparing the deduced flux 
using the calibration factor and the 
Mars model.

(Hu et al, to be submitted) 



Sensitivity
Noise power spectra
We carried out scans under different instrumental conditions : with a CAP on the telescope, we 
launched the test observations with MPI ON/OFF for spiral, skydip and OTF scans.  

All scans have similar noise power spectra and a white noise of ∼ 2.4 Hz/√Hz

The noise spectra of the CONCERTO. The odd and even columns show the noise power spectra 
densities for each KIDs and the median value of corresponding KIDs array. 

(Hu et al, to be submitted) 



Sensitivity
Noise from skydips

The pointing goes from 88 deg to 16 deg with a fixed azimuth. We observe a white noise of 2.45 ± 
0.01 Hz/√Hz with little correlates to the elevation angle.  

We use the skydip scans to assess the noise performance in different elevations. 
(Hu et al, to be submitted) 



NEFD (Noise Equivalent Flux Density)
In order to quantify the sensitivity of CONCERTO, we carried out several scans on on faint 
sources in AS2UDS field.  The campaign consists of 13 observation scans each lasting about 25 
minutes for a total observation time of about 4.5 hours. 

The central source AS2UDS0001.0 can be dectected with a SNR of 3.5 and 
3.0 for HF and LF, respectively.

(Hu et al, to be submitted) 



NEFD

Same as last slide, but for COSMOS 
observations. The power-law fitting, shown 
as dashed lines, gives a slope of -0.505 ± 
0.001 and -0.502 ± 0.001 for HF and LF, 
indicating that the CONCERTO 
observations run as expected in terms of 
overall noise.

The measured NEFDs for CONCERTO HF 
and LF are 2.665 ± 0.004
 Hz·�1/2 and 2.734 ± 0.003 Hz·�1/2, 
corresponding to 155.35 ± 0.23 mJy·�1/2 and 
138.65 ± 0.15 mJy·�1/2 .

(Hu et al, to be submitted) 



Summary

We conclude that CONCERTO has unique capabilities in fast dual-band mapping at 
tens arcsecond resolution. CONCERTO performance shows enough capabilities to 
address science topics in star formation histories and large-scale structure.


