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Introduction

The kinematic Sunyaev-Zel’dovich (kSZ) effect is defined as the shift pro-
duced in the Cosmic Microwave Background (CMB) temperature due to the
scattering with free electrons of clusters. The pairwise kSZ (pkSZ) signal
can be measured by the fact that massive halos will tend to move towards
each other. This signal can be used to constraint the f − σ8 degeneracy,
as well as to test modified gravity.

Formalism

The kSZ effect produced by a galaxy cluster i produces a change in the
CMB temperature (TCMB) that is written as [Sunyaev and Zeldovich, 1980]

∆T

TCMB
= −τe,i

r̂i.~vi
c
, (1)

The pkSZ signal is related to the average of the kSZ equation (1)
[Diaferio et al., 2000] and can be written as
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with τ̄e is the average optical depth of the sample. The mean pairwise
velocity of halos v12(r) can be expressed [Mueller et al., 2015] as
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Equations (2) and (3) shows how the pkSZ constrains a combination of
cluster astrophysics and cosmology [Percival and White, 2009]. We use
f ∼ Ωm(z)γ, with γ ∼ 0.55 for General Relativity [Lahav et al., 1991], to
probe modifications of gravity [Keisler and Schmidt, 2013].

Pairwise Estimator

The estimator T̂pkSZ(r) [Ferreira et al., 1999] is
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with cij = r̂ij.
r̂i+r̂j

2 being a geometrical factor that takes into account the
projection of the pair separation r̂ij = r̂i − r̂j onto the line-of-sight.

Methods and Simulations

Simulation maps were made by combining the full-sky simulated maps of
the Sunyaev-Zel’dovich signal from [Flender et al., 2016] with third genera-
tion South Pole Telescope (SPT3g) like CMB maps. The SPT3g instrument
observes a patch of ∼ 1500deg2 of sky at 95GHz, 150GHz and 220GHz,
and reaches noise levels of 7, 5 and 20 µK − arcmin respectively per year
[Sobrin et al., 2021].

Fig. 1: Theoretical model vs. Pairwise velocities from

simulations.

The theoretical model of pkSZ
was validated with the veloc-
ities of clusters as shown in
Figure (1).
We also add errors on the clus-
ters redshifts to compare cur-
rent photometric redshift su-
verys σz ∼ 0.01 to future spec-
troscopic surveys σz ∼ 0, and
proceed with two different ap-
proaches:

1. Match filter approach on the 150GHz [Soergel et al., 2016].

2. Doing an constrained internal linear combination (CILC)
[Remazeilles et al., 2010] with all the maps to remove dominant fore-
ground signals [Flender et al., 2016].

Results

Results from the methods described above are shown in Table (1). We
checked the constraints on γ with current data using CILC, shown on the
left of Figure (2), with a ∼ 1.1σ expected detection. Future σz = 0 surveys
are on the right of Figure (2), with an improved ∼ 3.8σ expected detection.

Noise Level (µK − arcmin) S/N(σz = 0) S/N(σz = 0.01)

18 4.9 4.3
5 7.4 5.3

CILC 9.2 4.9
Tab 1: Main results of the forecast considering both types of cluster catalogues and temperature extractions.

Fig. 2: Left: Main results of the forecast to constrain cosmology from the current SPT3g + DESY3 type of

data. Right: Constraining γ with pkSZ with SPT3g + σz = 0.

Conclusions

The results of the forecast indicate a 20% improvement on the pkSZ detec-
tion with SPT3g compared to the 4.2σ obtained in [Soergel et al., 2016].
However, even though the noise level of the CMB maps are substantially
improved, the current limiting factor appears to be the σz. We expect that
future spectroscopic surveys like 4MOST [4MOST-Consortium, 2019] to
bring an almost 100% improvement on the signal, and triple the significance
on the cosmological constrain on the f parameter.
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