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(1) CMB 

(2) Milky Way satellite abundance 

(3) 21cm signal from cosmic dawn



Cosmic Microwave Background
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Dark matter in ΛCDM: 
✦ cold, collisionless 
✦ ~6x more abundant than baryons



Weakly Interacting Massive Particles (WIMPs)
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Heavy mediator 

✦  

✦  

✦  

Light mediator 

✦  (electric dipole) 

✦  (Coulomb)

n = 0 ℒ ∼ χ̄χ f̄f

n = 2 ℒ ∼ iχ̄χ f̄γ5 f, iχ̄γ5χ f̄f

n = 4 ℒ ∼ χ̄γ5χ f̄γ5 f

n = − 2

n = − 4

Dark Matter Scattering
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✦ Momentum-transfer rate 
 

✦ Heat-transfer rate 
 

✦ Nonlinearities arise if relative bulk 
velocity > thermal velocity; relevant 
for n = − 2, − 4

Modify Boltzmann Equations
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Dvorkin+ (PRD 2014), KB+ (PRD 2018)
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Modified CLASS: https://github.com/kboddy/class_public/tree/dmeff 

Chen+ (2002); Sigurdson+ (2004); Dvorkin+ (2014); 
Gluscevic and KB (2018); KB and Gluscevic (2018); 

Xu+ (2018); Slatyer+ (2018); KB+ (2018)

https://github.com/kboddy/class_public/tree/dmeff


Effects of Dark Matter Scattering
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Momentum Transfer
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for n<0: KB, Gluscevic, Poulin, Kovetz, Kamionkowski, Barkana (PRD 2018)

efficient scattering

with σ0 at 95% C.L. upper limit



10°2 10°1 100 101 102 103 104 105 106

DM mass m¬ [MeV]

10°38

10°33

10°28

10°23

10°18

10°13

10°8

D
M

-e
le

ct
ro

n
cr

os
s

se
ct

io
n

æ
0

[c
m

2 ]

v°4

v°2

v0

v2

v4

v6
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Limits from CMB anisotropies

CMB Constraints from Planck 2018
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Scattering 
with Electrons

Scattering 
with Protons

Scattering 
with Helium

KB, Krnjaic, Moltner (PRD 2022)
Nguyen, Sarnaaik, KB, Nadler, Gluscevic (PRD 2021) 
see also  Buen-Abad+ (2021)



Matter Power Spectrum
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KB and Gluscevic (PRD 2018)
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Matter Power Spectrum
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KB and Gluscevic (PRD 2018)
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Chabanier+ (MNRAS 2019)



Small-Scale Modifications
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Snowmass 2021 Cosmic Frontier: Dark Matter Physics from Halo Measurements 
Bechtol, Birrer, Cyr-Racine, Schutz+ (2203.07354)



Milky Way Satellites
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Classic dwarfs 
SDSS-identified dwarfs

DES and Pan-STARRS1 
identified dwarfs
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Nadler, Gluscevic, KB, Wechsler (ApJL 2019)

n = 0



Suppression for Various Models
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Constraints from MW Satellites
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Velocity-Dependent Models
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Maamari, Gluscevic, KB, Nadler, Wechsler (ApJL 2021)
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Scattering Constraints with MW Satellites
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Maamari, Gluscevic, KB, Nadler, Wechsler (ApJL 2021)
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Limits from Milky Way satellites

Nguyen, Sarnaaik, KB, Nadler, Gluscevic (PRD 2021)



21cm Cosmology
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Overview slide from E. Kovetz

SARAS2

LEDA

HERA



Probing Small Scale Structure with 21cm
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Munoz, Dvorkin, Cyr-Racine (PRD 2020) Lidz, Hui (PRD 2018)



21cm and Late-Time Scattering
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 DM-baryon  
scattering cools gas
σ ∼ v−4

Short, Bernal, Boddy, Gluscevic, Verde (2203.16524) 
see also Tashiro, Kadota, Silk (PRD 2014); Muñoz, Kovetz, Ali-Haïmoud (PRD 2015) 



Matter Power Suppression
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Driskell, Nadler, Mirocha, Benson, KB, Morton, Lashner, An, Gluscevic (PRD 2022)



Impact on 21cm Signal
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Driskell, Nadler, Mirocha, Benson, KB, Morton, Lashner, An, Gluscevic (PRD 2022)
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Snowmass 2021 Theory Frontier: Astrophysical and Cosmological Probes of Dark Matter 
Boddy, Lisanti, McDermott, Rodd, Weniger+ (2203.06380)


