Resolving the growth of the ICM at

z > 1.2 with MUSTANG-2 and
ALMA

ReCESS: the Resolved Cluster Evolution Sunyaev-
Zeldovich Survey

Joshiwa van Marrewijk,

Allegro postdoc, This work is done
in collaboration with ACT, Luca Di
Mascolo & Tony MroczkowskKi




How does really hot, low-
density gas form?

ReCESS: the Resolved Cluster Evolution Sunyaev-
Zeldovich Survey

Joshiwa van Marrewijk,

Allegro postdoc, This work is done
in collaboration with ACT, Luca Di
Mascolo & Tony MroczkowskKi




intergalactic

circumgalactic

medium agﬁgit‘g” — —  medium
filament
merger-driven
- @
(O
s
é('\\odg‘
cO7

feedback from
active galactic nuclei

Thermal | ' : ‘ging |
Sunyaev- ‘

Zeldovich effect
(tSZ effect)

intracluster
medium

Di Mascolo et al. (sub.)



intergalactic

circumgalactic

medium agﬁgitig” —  medium
filament
ACTCLY 07 5+1013 merger-driven
o @
- $®\
...‘. c\o(o 06
AP
NS
c
cP7 o

feedback from
active galactic nuclei

Thermal : 'oo |
Sunyaev- |

Zeldovich effect
(tSZ effect)

intracluster
medium

Di Mascolo et al. (sub.)



Energetic
electron

N\

Comptonized
photon

/

Hot plasma

T. Mroczkowski+2019



SUNYAEV-ZELDOVICH EFFECT

MICROWAVE BACKGROUN 0

PHOTON e

HOT
CLUSTER

.
. »
"

e ’,,.. '._.-,--—- ENERGETIC
e ELECTRON

:  BLUE SHIFTED
t MICROWAVE ©H0TON

L. Van Speybroeck (1999)



SUNYAEV-ZELDOVICH EFFECT

MICROWAVE BACKGROUND

PHOTON "

AL HOT Sunyaev-Zeldovich (1972)
S - uggm

S T PNERGETIC
oM ELECTRON

:  BLUE SHIFTED
t MICROWAVE SHOTON

L. Van Speybroeck (1999) F1G. 2. The scattering of isotropic radiation ficld by the cloud of electrons.



effect for
Cosmology:

'/

Total integrated
flux

How to use the SZ

Yth (MP02 )

0.4}

0.2

AY/Y

YU, NELSON, & NAGAI

Halo Mass

My . = 200 p. X g”” 200,¢



How many haloes
are there per halo
mass?

Tinker et al. 2008

dn/dIn(M)

0.0
= 1.0
2.0
= 4.0

N N N N
|

Halo mass
function

oy = [0.7,0.8,0.9]



Wide field SZ surveys

A
o
1 1 I

Msoo, ¢ [1014 Mo ]

000 025 050 075 1.00 125

Redshift ()

150 1.75 2.00



Msoo, ¢ [1014 Mo ]

A
o
]

Wide field SZ surveys

- WMAP

0.00

0.25

7050

075  1.00
Redshift (z)

125 150 1.75 2.00

1.0F

o
e

Number of clusters
=
(@)]

o
™

0.2r

0.0

2011

WMAP

Komatsu+2011
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Wide field SZ surveys
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How does really hot gas form in
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XLSSC 122, the highest— 7 cluster out there
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Adding additional constraining power
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What does the cluster look like?

A model reconstruction
Corrected for the uv-

Dirty Image coverage
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Searching for
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van Marrewijk et al. (in prep.)
We are here!

How does really hot gas form in

the Universe?

e Mechanical Feedback

» Gravitationally
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To recap,

Three takeaways

1.  CMB surveys are perfect for selecting high-z
clusters.

2. Example cases illustrate large halo-to-halo
variance in the thermodynamic properties of
forming clusters (I haven’t gotten to study
population averages yet).
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Three takeaways

1.  CMB surveys are perfect for selecting high-z
clusters.

2. Example cases illustrate large halo-to-halo
variance in the thermodynamic properties of
forming clusters (I haven’t gotten to study
population averages yet).

3. On the technical side,

1. Try to think in terms of 2 or 3D
distributions instead of the classical 1D
radial profile variant.

2. Be careful of missing flux when using
interferometers




To recap,

Three takeaways

1.  CMB surveys are perfect for selecting high-z
clusters.

2. Example cases illustrate large halo-to-halo
variance in the thermodynamic properties of
forming clusters (I haven’t gotten to study
population averages yet).

3. On the technical side,

1. Try to think in terms of 2 or 3D
distributions instead of the classical 1D
radial profile variant.

2. Be careful of missing flux when using
interferometers

4. There is much much more to come...
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Future surveys will go much
much deeper!
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