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What is the expansion rate?
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CMB
New pillars of cosmology

JWST+HST, 21-cm  Cosmology (and astrophysics!)→
Cosmic Dawn and Reionization



Outline

Does JWST break LCDM?


First galaxies: too many, too early


Hubble halfway to the CMB




HST

JWSTData: StSciHST

JWST

As a theorist, what does JWST do for us?



HST

JWST

Measure rest-frame visible


Reach higher redshifts

As a theorist, what does JWST do for us?

→ M⋆, MBH, …

→ UV at higher z



Ultramassive galaxies at high z

Labbe+ Nature 23HST



Labbe+ Nature 23

Ultramassive galaxies at high z

Top 2 massive galaxies. Only photometry* 


Balmer break?



Do they break LCDM?
Boylan-Kolchin 23


(Data from Labbé+ 23)

Ngal( > M⋆) = Vol × ngal

ngal = ∫Mh,min

dMh
dn

dMh



Do they break LCDM?
Boylan-Kolchin 23


(Data from Labbé+ 23)

ngal ≳ 10−8 Mpc−3

Vol ≈ 105 Mpc−3

Need more halos??

Ngal( > M⋆) = Vol × ngal

ngal = ∫Mh,min

dMh
dn

dMh
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Is there more power?

Mh,min = M⋆/( fb f⋆)
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f̃⋆ = 0.1
f̃⋆ = 0.3
f̃⋆ = 0.5
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Mh,min = M⋆/( fb f⋆)
HST UVLFs



HST Ultra-deep fields

The data:



HST UV Luminosity Functions

HST data from:

Bouwens+ 2021 10 galaxies4



HST UV Luminosity Functions

Brighter/bigger

galaxies

less abundant

Mh ⇠ 1012 M�

Mh ⇠ 1010 M�

HST data from:

Bouwens+ 2021 10 galaxies4



HST UV Luminosity Functions
(Simple theoretical model)
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HST UV Luminosity Functions
(Simple theoretical model)

Assumption 1: UV light comes from young stars

UV emission

MUVMh
·M⋆

??

DM



HST UV Luminosity Functions
(Simple theoretical model)

Assumption 2:      is a parametric function of ·Mh
·M*

MUV
·MgMh

Accretion
Star formation

UV emission

f⋆
·M⋆

DM gas



Halo-galaxy connection 

Wechsler & Tinker 18

(based on Behroozi+18)
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Halo-galaxy connection: a SAM 
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Wechsler & Tinker 18

(based on Behroozi+18)

f⇤(Mh) =
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https://github.com/NNSSA/GALLUMI_public
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MUV
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Mh

Fast (~10 ms) SAM + likelihood

Three halo-galaxy connections, with stochasticity

Talks to Montepython 3 + public

Different dust assumptions

https://github.com/NNSSA/GALLUMI_public

Sabti*, JBM, 

Blas 2021a,b
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f̃⋆ = 0.1
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How many massive galaxies?

f⋆ = 0.3

Sabti, JBM, Kamionkowski 2305.07049



So what is it??

f⋆ = 0.3

Sabti, JBM, Kamionkowski 2305.07049



A lower mass from spectra
(At z~9)

Fujimoto+ 23



Endsley+ 22

Perhaps one of them hosts a QSO?
(At z~7.5)



Detour: SMBHs??
Greene+2023

Intrinsic AGN

Observed



Detour: SMBHs??

Kokorev+2024

pre-JWST AGN

galaxies

“Little

Red Dots"
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-Separate cosmology from astrophysics?

more
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More broadly, what can we learn?

Sabti, JBM, Blas 2022a,b
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Does JWST break LCDM?


First galaxies: too many, too early


Hubble halfway to the CMB


Outline



What does JWST tell us about hi-z galaxies?

HST

JWST

Push Lyman Break to higher z

Measure rest-frame visible


Reach higher redshifts

→ M⋆

→ UV at z ≳ 10



What did we expect?

Mason+15

CEERS



Photo-z only

Finkelstein+ 23 full CEERS catalogue

What did we see?



Sabti, JBM, Kamionkowski 2305.07049

In more useful terms:



How to explain so many galaxies?

Option 1: More efficient UV emission (on average)


Option 2: Stochasticity (width of PDF, burstiness)

Eg. Steinhardt+22  Dekel+23

Eg. Mason+22 Mirocha+22



How to explain so many galaxies?

Option 1: More efficient UV emission (on average)


Option 2: Stochasticity (width of PDF, burstiness)

P(MUV |Mh)

MUV

MUV
·MgMh

Accretion
Star formation

UV emission

f⋆
·M⋆

DM gas

σUV

Eg. Steinhardt+22  Dekel+23

Eg. Mason+22 Mirocha+22

f⋆,UV
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How to explain so many galaxies?

JBM, Mirocha, Furlanetto, and Sabti (arXiv: 2306.09403)

z ∼ 11

JWST CEERS data 

(Finkelstein+, PG+ 23)

pre-JWST model
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How to explain so many galaxies?
z ∼ 11

JWST CEERS data 

(Finkelstein+, PG+ 23)

pre-JWST modelhigher f⋆

JBM, Mirocha, Furlanetto, and Sabti (arXiv: 2306.09403)
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JWST CEERS data 

(Finkelstein+, PG+ 23)

How to explain so many galaxies?
z ∼ 11

pre-JWST modelhigher f⋆

higher σUV

JBM, Mirocha, Furlanetto, and Sabti (arXiv: 2306.09403)
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Linear FIt

Linear FIt

Δχ2(z > 10) ≈ 2 How to distinguish?
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Does JWST break LCDM?


Early galaxies: too many, too early


Hubble halfway to the CMB

 

Outline



Expansion rate = Energy content
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Expansion rate = Energy content
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Baryon Acoustic Oscillations
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It’s just waves!

Credit: NASA/WMAP 
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A preferred distance scale

Density Tseliakhovich 
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Velocity

vDM,b = vDM − vb

rs ⇡ 150Mpc

Tseliakhovich 
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Image: Zosia Rostomian, SDSS-III, BOSS

Velocity-induced Acoustic Oscillations (VAOs):  
A new standard ruler
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JBM PRL 2019
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To summarize
Too massive for LCDM?


JBM+ 2306.09403Sabti, JBM, Kamionkowski 2305.07049
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