
Searching for New Physics at 
Cosmic Dawn

CREDIT: NASA/STSCI/CEERS/TACC/

FINKELSTEIN/M. BAGLEY/R. LARSON/Z. LEVAY

Based on:

Sabti, JBM, Kamionkowski PRL 2023

Verwohlt, Mason, JBM+ arXiv 2024


JBM, Mirocha, Chisholm, Furlanetto, Mason arXiv 2024

Cruz, JBM+ arXiv 2024

JULIAN B. MUÑOZ



z = 20-6

Cosmic Dawn & 
Reionization

Local 
Universe

z = 0

How does cosmology measure things?

Image: ESA

Cosmic Microwave Background



z = 20-6

Cosmic Dawn & 
Reionization

Local 
UniverseCMB

z = 0

How does cosmology measure things?

z ⇡ 103

Image: ESA

cosmic time [yr]
400,000



Cosmic Dawn
Local 

UniverseCMB

z ⇡ 103 z = 0z ⇡ 30

Image: NASA/

CXC/M.WEISS

cosmic time [yr]

How does cosmology measure things?

400,000 100 Myr



Cosmic Dawn
Local 

UniverseCMB

z ⇡ 103 z = 0

Reionization

z ⇡ 30
<latexit sha1_base64="W6omDLl9ASKVl8TpVMW+3AipexU=">AAAB8XicbVDLTgIxFL2DL8QX6tJNIzFxRWaMryWJG5eYyENhQjqlQEOnbdqOESf8hRsXGuPWv3Hn31hgFgqe5CYn59ybe++JFGfG+v63l1taXlldy68XNja3tneKu3t1IxNNaI1ILnUzwoZyJmjNMstpU2mK44jTRjS8mviNB6oNk+LWjhQNY9wXrMcItk66f2pjpbR8RGedYskv+1OgRRJkpAQZqp3iV7srSRJTYQnHxrQCX9kwxdoywum40E4MVZgMcZ+2HBU4piZMpxeP0ZFTuqgntSth0VT9PZHi2JhRHLnOGNuBmfcm4n9eK7G9yzBlQiWWCjJb1Es4shJN3kddpimxfOQIJpq5WxEZYI2JdSEVXAjB/MuLpH5SDs7LpzenpcpdFkceDuAQjiGAC6jANVShBgQEPMMrvHnGe/HevY9Za87LZvbhD7zPH1BBkMM=</latexit>

z ⇡ 5

Image: NASA/

CXC/M.WEISS

cosmic time [yr]

How does cosmology measure things?

1 Byrs400,000 100 Myr



TodayCMB

z ⇡ 103

Reionization

z = 0z ⇡ 30
<latexit sha1_base64="W6omDLl9ASKVl8TpVMW+3AipexU=">AAAB8XicbVDLTgIxFL2DL8QX6tJNIzFxRWaMryWJG5eYyENhQjqlQEOnbdqOESf8hRsXGuPWv3Hn31hgFgqe5CYn59ybe++JFGfG+v63l1taXlldy68XNja3tneKu3t1IxNNaI1ILnUzwoZyJmjNMstpU2mK44jTRjS8mviNB6oNk+LWjhQNY9wXrMcItk66f2pjpbR8RGedYskv+1OgRRJkpAQZqp3iV7srSRJTYQnHxrQCX9kwxdoywum40E4MVZgMcZ+2HBU4piZMpxeP0ZFTuqgntSth0VT9PZHi2JhRHLnOGNuBmfcm4n9eK7G9yzBlQiWWCjJb1Es4shJN3kddpimxfOQIJpq5WxEZYI2JdSEVXAjB/MuLpH5SDs7LpzenpcpdFkceDuAQjiGAC6jANVShBgQEPMMrvHnGe/HevY9Za87LZvbhD7zPH1BBkMM=</latexit>

z ⇡ 5

Cosmic Dawn

Image: NASA/

CXC/M.WEISS

cosmic time [yr]
14 Byrs1 Byrs400,000 100 Myr



CMB
Cosmology

TodayCMB



107 108 109 1010

0.10

1

10

100

1530

109

1012

1015

1018

t [yr]

λ
[M
pc

]

Redshift, z

M
h
[M

☉
]

CMB Large-scale

Structure

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

105

Cosmic time, t [yr]

Near

Field

DM is cold …
Fl

uc
tu

at
io

n
Sc

al
e[

M
pc

]



107 108 109 1010

0.10

1

10

100

1530

109

1012

1015

1018

t [yr]

λ
[M
pc

]

Redshift, z

M
h
[M

☉
]

DM is cold …

CMB Large-scale

Structure

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

105

1000

H
alo

M
ass,M

h [M
⊙ ]

Cosmic time, t [yr]

Near

Field

See Vera’s talk!

Mariangela’s

Annika’sFl
uc

tu
at

io
n

Sc
al

e[
M

pc
]



107 108 109 1010

0.10

1

10

100

1530

109

1012

1015

1018

t [yr]

λ
[M
pc

]

Redshift, z

M
h
[M

☉
]

CMB Large-scale

Structure

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

105

1000

H
alo

M
ass,M

h [M
⊙ ]

DM is cold as far as we can tell

?

Cosmic time, t [yr]

Near

Field

?
?Fl

uc
tu

at
io

n
Sc

al
e[

M
pc

]



CMBCMB

New lampposts

Today

z ⇡ 103 z = 0z ⇡ 30
<latexit sha1_base64="W6omDLl9ASKVl8TpVMW+3AipexU=">AAAB8XicbVDLTgIxFL2DL8QX6tJNIzFxRWaMryWJG5eYyENhQjqlQEOnbdqOESf8hRsXGuPWv3Hn31hgFgqe5CYn59ybe++JFGfG+v63l1taXlldy68XNja3tneKu3t1IxNNaI1ILnUzwoZyJmjNMstpU2mK44jTRjS8mviNB6oNk+LWjhQNY9wXrMcItk66f2pjpbR8RGedYskv+1OgRRJkpAQZqp3iV7srSRJTYQnHxrQCX9kwxdoywum40E4MVZgMcZ+2HBU4piZMpxeP0ZFTuqgntSth0VT9PZHi2JhRHLnOGNuBmfcm4n9eK7G9yzBlQiWWCjJb1Es4shJN3kddpimxfOQIJpq5WxEZYI2JdSEVXAjB/MuLpH5SDs7LpzenpcpdFkceDuAQjiGAC6jANVShBgQEPMMrvHnGe/HevY9Za87LZvbhD7zPH1BBkMM=</latexit>

z ⇡ 5

ReionizationCosmic Dawn

JWST, 21-cm  New Physics→



“Universe-breaking” galaxies?


Too many photons at reionization


New physics beyond JWST

Plan:



JWST for theorists

JWST Data: StSci

JWSTHST
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JWST for theorists

HST JWST
JWST Data: StSci



Ultramassive galaxies at high z

Labbe+ 23HST JWST
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Is there more power?
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Is there more power?

HST UVLFs

HUDF, StSci
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So what gives?

Sabti, JBM, Kamionkowski PRL 2023

Endsley+ 23

(AGN?!)



Detour: SMBHs??

New

Physics SMBHs?



Detour: SMBHs??

Kokorev+2024

pre-JWST AGN

galaxies

“Little

Red Dots"
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Redshift, z

Beyond Pk:

 (Biagietti+23) 


EDE (Shen+24)
fNL
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What’s the status of reionization?



Reionization is topologically complex

But globally just accounting

xHI = 1 xHI = 0.5 xHI = 0



But globally simple

xHI = 1 xHI = 0.5 xHI = 0

Reionization is topologically complex
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Circa 2015 (Pre-JWST but post-Planck)



Circa 2015 (Pre-JWST but post-Planck)
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Enter JWST

Atek+ 24 Nature
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Enter JWST



M64, Credit: NASA (Smartt, Richstone)
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With JWST + low-z studies

+low-z fesc

JBM+ 2024
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Ways out:

Maybe there are more recombinations?

With JWST

+ fesc

Observational biases?

(Jedamzik, Pogosian 20)

+ PMFs??
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What about the future?
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How small were the first galaxy halos?



108 109105

107

109
101525

t [yr]

M
ha
lo
[M

☉
]

Redshift, z

Galaxy-formation threshold
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How small were the first galaxy halos?

JWST
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See Wenzer’s

and Tracy's talks!What about the future?



Mesinger 1801.02649

Theory is robust, <1s/point

Theory is uncertain, ~1hr/point

CMB (~2D)

21-cm (~3D)

How to decode this information?
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https://github.com/JulianBMunoz/Zeus21

(in ~sec)

T21

JBM 2023

Cruz, JBM+ 2024
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An example DM search with Zeus21

Warmer DM
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