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CMB

Cosmic Dawn and Reionization

New pillars of cosmology
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E.g., Pritchard & Loeb 2012
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https://github.com/JulianBMunoz/21cmvFAST
https://github.com/21cmfast/21cmFAST

How do we learn from this?
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Furlanetto+ 2006 , Pritchard+ 2011…

JBM 2019, JBM++ 2022
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21-cm as a thermometer at high z

5th force: Tashiro+, JBM, Ali-Haïmoud & Kovetz 15, Barkana 18

mQ: JBM & Loeb, Barkana+, Berlin+ 18, Liu+ 19…

Radio: Ewall-Wice+, Fraser+, Pospelov+ 18, Caputo+21…
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Cooling: Heating:
WIMP: Lopez-Honorez+ 16

Liu & Slatyer, D’Amico+ 18

PBHs: Clark+ 18,

A’ DM: Kovetz, Cholis, Kaplan 18


5th force: Tashiro+, JBM, Ali-Haïmoud & Kovetz 15, Barkana 18

mQ: JBM & Loeb, Barkana+, Berlin+ 18, Liu+ 19…

Radio: Ewall-Wice+, Fraser+, Pospelov+ 18, Caputo+21…
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First detection? However, foregrounds….            Systematics?  


21-cm Global Signal            =            CMB Monopole      

EDGES 
(Bowman+ 2018) Hills+ 2018 SARAS 3 

(Singh+ 2021) 
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Temperature?

Dark-matter interactions?

(EDGES, SARAS, PRIZM, MIST,…)

mQ: JBM & Loeb 18, Barkana+, Berlin+ 18, Liu+ 19…




21-cm Global Signal            =            CMB Monopole      

21-cm Fluctuations              =            CMB Anisotropies      
(HERA, MWA, LOFAR, PAPER, SKA,…)
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21-cm Fluctuations              =            CMB Anisotropies      
(HERA, MWA, LOFAR, PAPER, SKA,…)

Not the same HERA!
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HERA coll. 2021 (Incl. JBM)
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JBM & Loeb 18, 

See Liu+19 for broader space

HERA+2021 

(Incl. JBM)
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A' mixing
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HERA vs EDGES

JBM & Loeb 18, 

See Liu+19 for broader space

HERA+2021 

(Incl. JBM)



Credit: Vogelsberger/MITETHOS: Vogelsberger+ 2016, Cyr-Racine+2016
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How does 21-cm help us with DM?
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How does 21-cm help us with DM?
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DM-DM:  
Halo profiles, etc.

DM-DR:  
Power Spectrum

Vogelsberger+ 2016, Cyr-Racine+2016, JBM+ 2021

Effective Theory of Structure Formation: ETHOS
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What can we say now?

HERA
Hubble
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What can we say now?

Sabti*, JBM, 

Blas 2021a,b

21-cm  
(HERA)

<latexit sha1_base64="nmhuKem74uWe9b2GkbJ4wSAH5ZE=">AAAB63icbVDLSgMxFL2pr1pfVZdugkVwVWbE17LgxmUF+4B2LJk004YmmSHJCGUo+AVuXCji1h9y59+YabvQ1gMXDufcy733hIngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Cb3W49MGx6reztOWCDJQPGIU2JzyfceLnrlilf1psDLxJ+TCsxR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJseusEnzilj6NYu1IWT9XfExmRxoxl6DolsUOz6OXif14ntdF1kHGVpJYpOlsUpQLbGOeP4z7XjFoxdoRQzd2tmA6JJtS6eEouBH/x5WXSPKv6l9Xzu/NKrf40i6MIR3AMp+DDFdTgFurQAApDeIZXeEMSvaB39DFrLaB5hIfwB+jzBz9uji0=</latexit>

105

Hubble 
Deep Field

MW

CMB LSS



What can we say in ~a year?

HST

JWSTData: Space Telescope Science Institute (STScI)
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-We have not observed
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-We have not observed

most of the Universe (yet)


-We will soon have access to 

cosmic dawn and reionization


-New lamppost for Dark Matter!


Data: SDSS/Planck
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HERA 21-cm:

JBM+ 20, 21

Hubble (+JWST soon!):

Sabti*, JBM+ 21

t [yr]


