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Galaxy clusters constitute a major cosmological probe. However, Planck 2015 results have shown
a weak tension between CMB-derived and cluster-derived cosmological parameters. This tension
might be due to poor knowledge of the cluster mass and observable relationship. As for now,
arcmin resolution Sunyaev-Zeldovich (SZ) observations (e.g. SPT, ACT and Planck) only allowed
detailed studies of the intra cluster medium for low redshift clusters (z < 0.2). For high redshift
clusters ( z > 0.5) high resolution and high sensitivity SZ observations are needed. With both
a wide field of view (6.5 arcmin) and a high angular resolution (17.7 and 11.2 arcsec at 150
and 260 GHz), the NIKA2 camera installed at the IRAM 30-m telescope (Pico Veleta, Spain) is
particularly well adapted for these observations. The NIKA2 SZ observation program will map a
large sample of clusters (50) at redshifts between 0.5 and 0.9. As a pilot study for NIKA2, several
clusters of galaxies have been observed with the pathfinder, NIKA, at the IRAM 30-m telescope
to cover the various configurations and observation conditions expected for NIKA2.
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1. The NIKA2 camera at the IRAM 30-m telescope
NIKA2 is a millimetre camera [1, 2], made of Kinetic Inductance Detectors (KID) and operated at 150 mK, which has been installed in September 2015 at the IRAM 30-m telescope. NIKA2
observes the sky at 150 and 260 GHz with a wide field of view (FOV), 6.5 arcmin (2896 detectors),
high-angular resolution (17.7 and 11.2 arcsec, respectively), and state-of-the-art sensitivities. Prior
to NIKA2, the NIKA camera [3, 4, 5, 6, 7] was operated at the IRAM 30-m telescope from 2012
to 2015 with a smaller field of view (1.8 arcmin) due to the reduced number of KIDs (356).
The NIKA2 camera, and equivalent the NIKA camera, is well suited for high-resolution
Sunyaev-Zeldovich (SZ) observations of cluster of galaxies. First, the 150 GHz channel is optimal for SZ measurements (large negative SZ spectral distortion) and the 260 GHz one (weak
positive SZ spectral distortion) can be used to mitigate contamination by dusty galaxies. Second,
the 30-m telescope high resolution and the camera large FOV allows us to map intermediate and
high redshift clusters from the core up to their characteristic radius R500 . Third, the NIKA2 sensitivity in terms of Compton parameter is expected to be of the order of 10−4 per hour and per beam,
allowing us to obtain reliable SZ mapping at high signal-to-noise ratio in a few hours per cluster.

2. Why high-resolution thermal SZ imaging of clusters?
The thermal SZ (tSZ) effect [8, 9, 10] is due to the inverse Compton scattering of CMB photons
on hot electrons of the intra-cluster medium. The tSZ effect induces spectral distortions in the CMB
spectrum, such that it is negative (positive) below (above) 217 GHz. This characteristic spectral
feature can be used both to blindly detect cluster of galaxies and to map them in details. Indeed,
the thermal SZ Compton parameter, y, is a direct measurement of the cluster electronic pressure
integrated along the line-of-sight. Thermal SZ measurements of clusters are usually combined with
X-ray observations, for which the surface brightness is related to the electronic density square, in
order to probe the clusters physical properties.
Clusters of galaxies, which are the largest gravitational bound objects in the universe, constitute cosmological observables of choice. Indeed, their distribution in mass and redhift, as well as
their spatial distribution, are sensitive to the cosmological parameters describing the main properties of the universe [11, 14, 12, 13]. In the last decade arcmin resolution experiments like the
Planck Satellite [15, 16], the Atacama Cosmology Telescope (ACT) [17] and the South Pole Telescope (SPT) [18] have provided large catalogue of blindly tSZ-detected cluster of galaxies and have
opened the path towards SZ cluster cosmology. In particular, recent Planck results have shown that
there is weak tension [12, 13] between CMB and cluster estimates of the matter density ΩM and
the amplitude of the matter density fluctuations, σ8 . This discrepancy may be due to an incorrect
estimation of the total mass of the cluster, via the mass-observable relation. Among others this relation may depend on the redshift, the internal structure and/or the dynamical state of the considered
clusters. These effects are expected to be particularly important for high redshift clusters (z > 0.4)
that can not be studied in details with arcmin resolution observations. Therefore, high-resolution
tSZ imaging of high-redshift cluster is needed to study their intra-cluster properties, such as dynamical states (mergers) and morphology (departure from sphericity) and their implications in the
mass-tSZ scaling law.
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3. SZ observations with the NIKA camera
The NIKA camera was used as a pathfinder for NIKA2 in order to demonstrate the possibility
to use large arrays of KIDs for general purpose millimeter astronomy [7, 19, 20]. Furthermore, an
extensive program was carried out for SZ science that permitted the high signal-to-noise mapping
of five high redshift clusters of galaxies [21, 22, 23, 24, 25, 26]. The NIKA SZ data combined with
X-ray data allowed us to study the radial distribution of the thermodynamical properties of their
intra-cluster medium, i.e. pressure, density, temperature, and entropy radial profiles. The various
SZ observations with NIKA were:
• RX J1347.5-1145, a well-known and strong tSZ source, allowed us to perform the first SZ cartography ever achieved with a KID-based camera [21]. In particular, we confirm that this cluster is
an ongoing merger.
• CL J1226.9+3332, a massive high-redshift cluster, has been shown to present cluster parameters,
mass and integrated Compton parameter, consistent with the Planck best-fit scaling relation [11]
obtained with a sample of nearby clusters. Although no conclusion can be drawn from a single
high-redshift cluster, it highlights the interest of the NIKA2 SZ large program that is dedicated to
the observation of a cluster sample with redshift up to 0.9.
• MACS J1423.9+2404, which has been used to investigate the impact of the contamination by
radio and/or dusty point sources in the cluster field [23].
• MACS J0717.5+3745, for which we reported the first mapping of the kinetic SZ effect in a
cluster [24] as well as the first mapping of the hot gas temperature using X-ray and SZ imaging [26],
providing an independent cross-calibration of X-ray spectroscopic measurements.
• PSZ1 G045.85+57.71, which has been used to demonstrate the possibility to use NIKA2 for a
high-resolution follow-up of tSZ Planck-discovered clusters and to measure their physical properties [25].

4. The NIKA2 SZ large program
The NIKA2 SZ large program, which corresponds to 300 hours of NIKA2 guaranteed time,
aims at observing a representative sample of tSZ detected high redshift clusters. The NIKA2 SZ
cluster sample consists of 50 clusters with redshift ranging between 0.4 and 0.9, which were selected from the Planck [15, 16] and ACT tSZ catalogues [17]. The sample spans about one order
of magnitude in mass assuming standard cluster tSZ-mass scaling laws [11] and give an homogeneous coverage of the mass range. The excellent sensitivity of NIKA2 [2] will allow us to obtain
reliable tSZ mapping of these clusters of galaxies in only few hours (1 to 10 hours). The NIKA2
tSZ data combined with ancillary data (X-ray, optical and radio) will allow the study of the thermodynamic properties of the ICM, and will lead to significant improvements on the cosmological
use of clusters of galaxies. The main goals of the program are to measure:
• the thermodynamic properties of the cluster (temperature, entropy and mass radial profiles),
• the redshift evolution of the scaling law and of the cluster pressure profiles up to high redshift,
• the cluster morphology and the dynamical state at high redshift (departure from spherical symmetry, merging events, cooling processes).
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