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The Standard Cosmological Model 

Amazingly: just six parameters are enough to fit all existing data. 

⌦CDM⌦bH0 As ns⌧ measured to a few percent uncertainty
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Line-Intensity Mapping 

Intensity mapping: 3D mapping of the specific intensity due to line emission.

LIMFAST©  
Simulation

• Left: in ~4500 hours, VLA can detect ~1% of the total number of CO-emitting galaxies. 

• Right: in ~1500 hours, COMAP will map CO intensity fluctuations throughout the field.

(Kovetz et al., 
arXiv:1709.09066)
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Line-Intensity Mapping as the Ultimate Probe 

Tests of ΛCDM Cosmology (and beyond):


• A good figure-of-merit is:             

   (constraints scale as:               )
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Potentially as (ridiculously) high as        ... 1016

(Euclid, LSST?)

In practice limited by:

• sky coverage (                       )

• foregrounds (continuum + interlopers)

• astrophysics/cosmology degeneracy

NCMB
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Credit: Bowman et al. 2018 

Led by Bowman (ASU), Rogers (MIT):

• Located in western Australia (low RFI) 

• Cheap instrument (roughly $2M price tag)

• “High” and “Low” (50-100 MHz) bands

• Operating since 2015 (O(100) hours analyzed) 

• Two identical instruments, placed 150m apart
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Ṫb = �2HTb + �C(T� � Tb) + ��b(T� � Tb)
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• Hidden photons couple to the standard model electric current:

• Effect governed by the plasma frequency (= effective SM-photon mass):
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• Hidden photons couple to the standard model electric current:

• Effect governed by the plasma frequency (= effective SM-photon mass):

• Oscillating HPDM electric field induces motion of electrons and ions in the plasma.
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• Hidden photons couple to the standard model electric current:

• Effect governed by the plasma frequency (= effective SM-photon mass):

• Oscillating HPDM electric field induces motion of electrons and ions in the plasma.
• Collisional friction dissipates the oscillations, and heats the plasma:
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• Hidden photons couple to the standard model electric current:

• Effect governed by the plasma frequency (= effective SM-photon mass):

• Oscillating HPDM electric field induces motion of electrons and ions in the plasma.
• Collisional friction dissipates the oscillations, and heats the plasma:

• The baryon temperature is then:
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Inferred bounds from assuming EDGES supports strong or maximal absorption:


Ultra-Light Hidden-Photon Dark Matter 
(EDK, Cholis and Kaplan, PRD 2019)
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Solution: Joint CMB+21cm Analysis 
(Sarkar, Flitter and EDK, arXiv:2201.03355)
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FDM mass

mFDM ∼ 10−21 eV

FDM scalar field

ℒ = 1
2 ∂μϕ∂μϕ − 1

2 m2
FDMϕ2

λdB ∼ 1 kpc
FDM wavelength

(Toy?) Example: Fuzzy Dark Matter (FDM) 
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Solves long-standing problems in cosmology:


• Too big to fail problem

Bullock & Boylan-Kolchin (arXiv: 1707.04256) 

FDM: Empirical Motivation 

https://arxiv.org/pdf/1707.04256.pdf
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mFDM ∼ 10−21 eV λdB ∼ 1 kpc

less small mass
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smaller star 
formation rate
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The 21cm signal 
is delayed!

FDM: Origin of 21cm Signature 
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FDM vs. CDM: 21cm Global Signal - Ambiguous? 
(Sarkar, Flitter and EDK, arXiv:2201.)
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(Sarkar, Flitter and EDK, arXiv:2201.03355)

The HERA Experiment 

DeBoer et al. (arXiv: 1606.07473)  

 

FDM vs. CDM: Detectability Forecast 

People in picture

https://arxiv.org/pdf/1606.07473.pdf


(Sarkar, Flitter and EDK, arXiv:2201.03355)

The HERA Experiment 

DeBoer et al. (arXiv: 1606.07473)  

 

FDM vs. CDM: Detectability Forecast 

Signal to Noise


https://arxiv.org/pdf/1606.07473.pdf


FDM: Cosmo/Astro Parameter Degeneracies 
(Sarkar, Flitter and EDK, arXiv:2201.03355)
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Thank You!
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