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z ∼ 0

z ∼ 1

M200,c = 200 ρc ×
4
3

πr200,c

Total integrated 
flux

Halo Mass

How to use the SZ 
effect for  
Cosmology:



Tinker et al. 2008

σ8

Halo mass 
function

σ8 = [0.7,0.8,0.9]

How many haloes 
are there per halo 
mass?
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Fig. 11. Comparison of the SZ e↵ect (upper left), smoothed X-ray surface brightness (upper right), signal-to-noise map of the weak-lensing
convergence (middle left; Kim et al. 2019), X-ray hardness ratio (middle right) maps, and EMU (lower left) and ATCA (lower right) images for
SPT-CL J2106-5844. The black contours appearing in all panels represent the unfiltered SZ model derived in Sect. 3.2.3. To facilitate comparison
between the main cluster features, we overlay to the Chandra, EMU, and ATCA the same contours as in Figs. 1, 3, and 5, respectively, while the
ones for the mass distribution reproduce the contours in Fig. 6 of Kim et al. (2019). The symbols in all the maps denote the positions of the BCG
(triangle; Song et al. 2012), the peak in the galaxy number density (circle; Kim et al. 2019), and the SZ centroid as measured by SPT (diamond;
Bleem et al. 2015). The two SZ features can be seen to correspond to two weak-lensing mass peaks, as well as mildly soft components of the X-ray
emission, in turn corresponding to the X-ray peak and the southern extension. We note that, interestingly, the curved morphology of the southern
feature in the SZ dirty image (thick black contours in the middle right panel) appears to trace an arc-shaped patch of hard X-ray emission.

structure as only due to AGN activity from the central galaxy.
Further, each of the dominant features in the extended radio
plasma (i.e., the core region of the radio galaxy and C3; Sect. 3.1.2
and Fig. 6) spatially correspond to one of the distinct SZ sub-
components, consistent with the potential interpretation for the
radio structures to be generated by separate populations of radio
sources. Independently of the specific origin of the observed

radio signal, the cluster merger may be the primary responsible
for making the elongated radio feature visible, as shocks and adi-
abatic perturbations may induce reacceleration or compression of
fossil electrons (van Weeren et al. 2019). In fact, in the case of the
di↵use radio emission originating in its entirety from the central
AGN, a process able to rejuvenate the radio plasma would be
required to boost the emission to the levels seen at ATCA

A153, page 12 of 18
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and morphology:
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structure as only due to AGN activity from the central galaxy.
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plasma (i.e., the core region of the radio galaxy and C3; Sect. 3.1.2
and Fig. 6) spatially correspond to one of the distinct SZ sub-
components, consistent with the potential interpretation for the
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How does really hot gas form in 
the Universe?


• Gravitationally


• Mechanical Feedback



XLSSC 122, the highest  cluster out there−z
Dirty Image

A model reconstruction 
Corrected for the uv-
coverage

Imaged Residuals

Cluster Members
Contours are drawn at [-4.5, -3.5, -3.5, -1.5, 0, 1.5, 2.5, 3.5]-σJ. van Marrewijk et al. 2024,


https://arxiv.org/abs/2310.06120

https://arxiv.org/abs/2310.06120


The visibility plane

Fourier Transform

u
[k

λ]
v [kλ]



J. van Marrewijk et al. (2024)

XLSSC 122

Fourier Transform

A classification based on 
pressure profiles is hard!

Note: our model is 3D. We just visualise in 1D



Image plane variant

J. van Marrewijk et al. (2024)

XLSSC 122: Pressure profiles



Joint modelling of interferometric 
& single dish observations

ALMA

ACT



Ajay Gill (J. van Marrewijk+2024)

Adding additional constraining power
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What does the cluster look like?

Dirty Image

A model reconstruction 
Corrected for the uv-
coverage

Imaged Residuals

Cluster Members
Contours are drawn at [-4.5, -3.5, -3.5, -1.5, 0, 1.5, 2.5, 3.5]-σ

J. van Marrewijk et al. 2024



Searching for 
asymmetries:

Contours are drawn at [-10, -8, -6, -4, -2, 2, 4]-σ

Likelihood-weighted model  

Synthesised beam 

Residuals 

Cleaned image reconstruction

⊛

=



A 2-component 
likelihood-
weighted 
model 
reconstruction

Contours are drawn at [-10, -8, -6, -4, -2, 2, 4]-σ

• Equivalent to a 
detection! 

• A flux ratio 1:2

2.1σ − 3.6σ

Filament!
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∝ SZflux/ SZX−ray ∝ kbT
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CL-J0459, the 
highest  in 
SPT 

−z

∝ SZflux/ SZX−ray ∝ kbT

Contours are drawn at [-10, -8, -6, -4, -2, 2, 4]-σ

Compare  
with 
Mantz+2020

Mantz+2022Preliminary
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4. There is much much more to come…



Future surveys will go much 
much deeper!

CL-J1449

The Spiderweb CL-J1001

XLSCC 122

CC-0958

RO-J1001

Simons Observatory
AtLAST

Protoclusters from Daddi+2022


