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CMB-HD: Constraining 
Wave-Like Dark Matter



Rich Science from CMB-HD:                              
Dark Matter Properties from Small-Scale

     Matter Power Spectrum                
Number of Relativistic Species  
Primordial Gravitational Waves 

Primordial Non-Gausianity 

Primordial Magnetic Fields

Neutrino Mass                                                                                 
Dark Energy 
Galaxy Cluster Astrophysics                                                                                   
Galaxy Formation                            

Reionization                                                       
Solar and Extrasolar Planetary Studies                                       

Synergy with Optical Lensing Surveys        
Mapping the Transient Sky                                                  
Novel Ideas and Searches for New Physics
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Collaboration has 57 members

See also: https://cmb-hd.org

Astro2020 Decadal white papers: 1903.03263, 1906.10134, 2002.12714 

(also being submitted to Snowmass2021)

CMB-HD: Next-generation, ground-based, CMB experiment

Dark Matter Properties 

(not accessible to any other 

CMB experiment)

New Particles in the Early Universe 

(no other CMB experiment hits the 

critical target)

Three times more sensitive and six times 
higher resolution than CMB-S4

Neelima Sehgal

https://cmb-hd.org




Techniques to Probe Axion-like Dark Matter

• Ultra-high Resolution CMB Lensing to Probe Small-scale Structure


• A Time-Varying Axion Dark Matter Signal in the Polarized CMB


• Measuring Photon-ALPs Conversion using CMB as a Backlight


•
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Ultra-High Resolution CMB Lensing to 
Probe Small-Scale Structure

• CMB Lensing is when 
light from the primordial 
CMB is bent by 
intervening matter 

• Traditionally measured to 
probe large-scale 
structure

• More recently, it has been 
used to measure halo-
sized objects

First Measurement of CMB Lensing on Halo Scales

Madhavacheril, NS, for the ACT Collaboration 


PRL, 114, 2015
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Advantages of CMB Lensing 
to Probe Small-Scale Structure

1. Directly sensitive to dark matter via gravitational lensing

2. Source light is at well-defined redshift

3. Properties of primordial CMB are well understood

4. Sensitive to structure at higher redshifts than other 
gravitational lensing probes; this makes it more sensitive 
to FDM/WDM-type models

Neelima Sehgal, Stony Brook



NS et al., 2019, arXiv:1903.03263 

CMB-HD Dark Matter Forecasts Using 

Small-Scale CMB Lensing

Ho Nam Nguyen, NS, Mathew Madhavacheril, 2019, PRD
Neelima Sehgal, Stony Brook
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Need camera 3 times 
more sensitive and with 
5 times better resolution 

than CMB-S4
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NS et al., 2019, arXiv:1903.03263 

Need camera 3 times 
more sensitive and with 
5 times better resolution 

than CMB-S4

CMB-HD is new 
proposed experiment

CMB-HD Dark Matter Forecasts Using 

Small-Scale CMB Lensing

Ho Nam Nguyen, NS, Mathew Madhavacheril, 2019, PRD
Neelima Sehgal, Stony Brook

8-sigma preference for FDM over CDM



A Time-Varying Axion Dark Matter Signal in 
the Polarized CMB

Text and Figure credit: Michael A. Fedderke 
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Text and Figure credit: Michael A. Fedderke 

CMB-H
D
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Measuring Photon-ALPs Conversion using CMB as a Backlight

Galaxy Cluster with 

Magnetic Field

Text and Figure credit: Suvodip Mukherjee



Measuring Photon-ALPs Conversion using CMB as a Backlight

Galaxy Cluster with 

Magnetic Field

Text and Figure credit: Suvodip Mukherjee



Measuring Photon-ALPs Conversion using CMB as a Backlight

Galaxy Cluster with 

Magnetic Field

Conversion of CMB photons to ALPs will 
produce a new CMB polarization distortion 

at the location of galaxy clusters


Upcoming CMB experiments will probe a 
new parameter space of photon-axion 

coupling and axion mass not explored by 
other probes

Text and Figure credit: Suvodip Mukherjee



Back up slide



CMB-HD Probe of Light Particles

NS et al. 2019, CMB-HD APC White Paper for Astro2020 Decadal (arXiv:1906.10134)
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CMB-HD Probe of Light Particles

Figure Credit: Ben Wallisch

CMB-HD (2�)

NS et al. 2019, CMB-HD APC White Paper for Astro2020 Decadal (arXiv:1906.10134)

CMB-HD

measures this

SO measures this;

TT, TE, EE to the cosmic 

variance limit

arXiv:1207.3675


