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SUNYAEV  & ZELDOVICH ,  ARA&A, 18, 1980

CMB spectral distortion
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Planck satellite

ESA mission

full operation during 2009-2011, extended till 2013


1.5m primary mirror (10arcmin resolution @ 100GHz)

 3 LFI (27-77 GHz) and 6 HFI (83-1000 GHz) bands



PLANCK  COLLABORAT ION  XXI I ,  A&A, 594, A22, 2016

Planck’s view of galaxy clusters



SOUTH  POLE  TELESCOPE ATACAMA  COSMOLOGY  TELESCOPE

10m primary mirror (1.6 arcmin resolution @ 100GHz)

3 bands (100-150-220 GHz)

6m primary mirror (1.3 arcmin resolution @ 150GHz)

3 bands (90-150-220 GHz)



L. BLEEM  ET  AL . ,  APJ, 258, 2,  36,  2022 
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PlanckXXVII 2016, Hilton+2021, Bocquet+2019, Huang+2020, Bleem+2020
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IllustrisTNG team

LARGEST STRUCTURES IN THE UNIVERSE 

tracers of large-scale structure formation 
and mass content of the Universe 
window on dark matter properties

ENVIRONMENT FOR GALAXY EVOLUTION 

impact galaxy morphology,  
star formation, AGN activity, …

LARGE RESERVOIRS OF PLASMA 

host most energetic events in the universe 
unique laboratories for plasma physics
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G R E E N  B A N K  T E L E S C O P E
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CHANDRA GBT+MUSTANG2

T R A I N  W R E C K  C L U S T E R

ADAPTED  FROM  WANG  ET  AL . ,  2018, APJ, 856, 2,  162

A cosmic train wreck



ADAPTED  FROM  D ICKER  ET  AL . ,  2020, APJ, 902, 2,  144

RUPPIN  ET  AL . ,  2019,  APJ, 893, 1,  74 

M O O  J 1 1 4 2 + 1 5 2 7

GBT+MUSTANG2CHANDRA

High-redshift mergers



ONE  TELESCOPE ,  MANY  ANTENNAE

x54 12-meter (ALMA)

x12  7-meter (ACA)

A WORLDWIDE  COLLABORATION

22 countries involved

2816 papers

>1000/year new projects
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B·sinφ 

recovered scales

θ≃λ/(B·sinφ)

Let’s talk radio-interferometry
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FOLEY+,  2011, APJ, 731, 86  

S P T- C L  J 2 1 0 6 - 5 8 4 4



S P T- C L  J 2 1 0 6 - 5 8 4 4

L. D I  MASCOLO  ET  AL . ,  A&A, 650, A153, 2021



PlanckXXVII 2016, Hilton+2021, Bocquet+2019, Huang+2020, Bleem+2020

"the realm 

of the galaxy 

protoclusters” 

(Overzier+2016)
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adapted from Chiang+2017 & Shimakawa+2018

protocluster overdensities 

energetic AGN feedback 

sustained star formation 

pre-heated cores

mature clusters 

environmental quenching 

extended, thermalised haloes 

of intracluster medium
(Saro+2009,Remus+2023)

a turning point in cosmic history



S P I D E R W E B  P R O T O C L U S T E R

proto-ICM 

central
galaxy

radio
jets



Saro+2009 

simulated protoclusters with 

gravitational potential permeated 

by ICM at 2-5 keV

Carilli+1997, Anderson+2022 

RMs generate in thin sheath of 

hot gas around the radio jet

Pentericci+1997, Hatch+2009 

Star-bursting proto-BCG fed by 

“cooling flow”-like precipitation 

(but not the only scenario)

confirmation of long-standing predictions



extending our observational horizon 
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The SZ effect(s)



NASA/CXC, NASA/ESA/STSC I ,  B.  MCNAMARA  (UNIVERSITY  WATERLOO )  /  NRAO, L.  B IRZAN  ET  AL .  (OHIO  UNIVERSITY )  /  T.  MROCZKOWSKI  (ESO)

M S  0 7 3 5 . 6 + 7 4 2 1

CHANDRA+VLA+HST

GBT+MUSTANG2

SZ view of AGN feedback



J. TUMLINSON  ET  AL . ,  ARA&A, 55, 1,  207 /  M. LACY  ET  AL . ,  MNRAS, 483, 2019 

Detecting quasar outflows



A new window on the millimetre Universe

LARGE  M ILL IMETER  TELESCOPE

TOLTEC

SARDINIA  RADIO  TELESCOPE

MISTRAL

ATACAMA  LARGE  APERTURE   

SUBMILLIMETER  ARRAY



Hope to see you soon!





Let’s talk radio-interferometry




