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Outline

Measurements of CMB temperature at cluster redshift (TCMB(z))
for a sample extracted from the Second Catalog of galaxy clusters
produced by Planck (PSZ2) and containing 75 clusters selected
from the Heritage project of the ESA X-ray satellite XMM-Newton.

Forecasts for future CMB experiments about the constraints on the
monopole of the y-type spectral distortion of the CMB spectrum via
the spectrum of the SZ.
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How to test fundamental assumptions of cosmology?

CMB: Black-body spectrum

The COBE-FIRAS experiment
revealed a very precise black-body
spectrum with temperature
T0 = (2.725± 0.002)K Mather et al. (1999)

CMB temperature evolution

If adiabatic expansion of the Universe + CMB BB ⇒ TCMB(z)=T0(1+z).
Strong prediction of the standard model, but violated in many non standard
models (Jaeckel et al. Ann. Rev. Nucl. Part. Sci. 60, 2010).

Testing its validity is important for cosmology and fundamental physics.
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TCMB(z): Direct measurements

Two astrophysical techniques
probe TCMB(z) at z 6= 0:

z < 1 SZ effect towards
clusters.

Fabbri et al. Astrop. Space Sci. 59 (1978)
Rephaeli ApJ.241 (1980)

First measurement: Battistelli et al. ApJ
580, (2002)

z > 1 Quasar absorption line
spectra

Bahcall and Wolf, ApJ 152 (1968)

First measurement: Srianand et al. Nature
408 (2000)

Phenomenological parametrization:
TCMB(z)=T0(1 + z)1−β

Lima et al. MNRAS 312 (2000)

∆ISZ= ∆ISZ (x);x = hν(z)/kT (z) = hν0/kT0,
z-invariant only for standard scaling of T(z). In all
other scenarios: small dilation-contraction of the SZ
spectrum.
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TCMB(z) and T0 from Planck SZ clusters

Assuming the standard evolution of
CMB temperature ⇒
TCMB(0) = 2.719± 0.014K,
COBE-FIRAS: T0 = 2.7260± 0.0013K
(Fixsen ApJ 2009)

TCMB(zi ) for 103 individual
clusters: precision up to 3%

Full posteriors of TCMB(z) by
MCMC analysis ⇒ joint pdf
for β: β = 0.012± 0.016
Standard model consistent
Luzzi, Génova-Santos et al. JCAP (2015)
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TCMB(z) for the Heritage sample
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SZ maps at Planck frequencies (1)

Planck DR2 maps (Planck 2015 results. I.,A & A594(2016))

Map filtering and cleaning

New cleaning for CMB and dust anisotropies: spectrally modelled using all HFI
frequency maps outside each galaxy cluster (7R500 ≤ R ≤ 12R500), and
spatially modelled using a linear combination of wavelet filtered frequency maps
at 857 and 217 GHz (Bourdin et al ApJ843 2017)

Gemma Luzzi Cosmology with the SZ spectrum



SZ maps at Planck frequencies (2)

Modelling of SZ signal on cleaned maps

R500 from analysis of the Heritage sample; prior on Te as obtained from
analysis of Heritage sample; prior on the residual KSZ.
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TCMB(z) with the MCMC sampler Cobaya (Torrado et al. JCAP 2021 057)

Gemma Luzzi Cosmology with the SZ spectrum



Results: CMB temperature measurements

TCMB(zi ) for 77 individual clusters: precision up to 3%
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Test on mock maps

SZ signal maps generated using data from X-ray measurements

CMB maps and dust emission signals are added to the cluster maps

The resulting maps are convolved with the Planck beam

The cleaning procedure is applied on the maps, obtaining the final signal
maps

The MCMC sampler Cobaya is applied on the cleaned maps to extract
TCMB(z)
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Results: Constraining the CMB temperature evolution

With the parametrization TCMB(z)=T0(1 + z)1−β we get for 77
clusters β = −0.019± 0.022. Standard model consistent
D’Angelo, Luzzi et al. in preparation
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Results: Independent estimate of T0

T0 as a free parameter when fitting the data with the standard
relation TCMB(z) = T0(1 + z): TCMB(0) = 2.736± 0.014K,
COBE-FIRAS: T0 = 2.7260± 0.0013K (Fixsen ApJ 2009)
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Why T0?

H0 tension or T0 tension? Mikhail M. Ivanov, Yacine
Ali-Häımoud, and Julien Lesgourgues Phys. Rev. D 102,
063515 - 2020

Benjamin Bose and Lucas Lombriser Phys. Rev. D 103,
L081304 – 2021

The role of T0 in CMB anisotropy measurements
Yunfei Wen, Douglas Scott, Raelyn Sullivan, J. P. Zibin
arXiv:2011.09616

V.V. Klimenko, A.V. Ivanchik, P. Petitjean, P. Noterdaeme,
R. Srianand - Astronomy Letters, Volume 46, Issue 11,
p.715-725, 2020

Carlos A.P. Bengaly, Javier E. Gonzalez, Jailson S.
Alcaniz,Eur.Phys.J.C 80 (2020) 10, 936
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Can we improve the limit on CMB y distortions via the SZ
spectrum?

Departures of the CMB frequency spectrum from a pure black body
encode information about the thermal history of the early Universe.

COBE/FIRAS measurements: the average CMB spectrum is extremely
close to a perfect blackbody with possible distortions < 10−5.

If TCMB(z) = T0(1 + z):
TCMB(z) from SZ clusters ⇒ constraints on the degree of its
cosmological Compton distortion y .
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Cosmological y distortion: amplitude of the residual
distortion on a SZ spectrum

The effect of primordial yp distortion on the SZ spectrum has been
included by following the formalism of Fabbri et al 1978.
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An example of future CMB experiment
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Cosmological y distortion from Millimetron simulated SZ
spectra (1)

FTS sensitivity in 1 hour integration time (D. Novikov):
Band: 100-200; 200-350; 350-700 GHz
Sensitivity: 69.24; 148.6; 140.6 Jy/sr
Simulated spectra and posterios for ySZ , Te and yp. Input of the simulation in
red, prior in blue, posterior in black.
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Cosmological y distortion from Millimetron simulated SZ
spectra (2)

Joint pdf - extrapolated to 100 clusters

Differential approach complementary to absolute spectroscopic
measurements of the CMB y distortions
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Conclusions

Cleaned SZ maps in the range 100-353 GHz for a subsample of the
PSZ2 Planck catalog containing 75 clusters selected from the
Heritage project of the X-ray satellite XMM-Newton

Individual determinations of TCMB(z) for 75 clusters with a
precision of up to 3%.

We studied possible deviations of the form TCMB(z) = T0(1 + z)1−β

and get constraint β = −0.019± 0.022, standard model consistent.

We get an independent estimate of the CMB tempertaure at redshift
zero: T0 = 2.729± 0.014 K, at 1σ uncertainty, a value consistent
with the COBE-FIRAS measurement, T0 = 2.7260± 0.0013 K.

Forecasts for Millimetron experiment: possible to improve the
constraints on the cosmological y distortions with SZ spectrum
measurements for less than 100 clusters.

Gemma Luzzi Cosmology with the SZ spectrum


