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GALAXY MERGERS
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X-ray: NASA/CXC/CfA/M.Markevitch et al.; 

Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; 


Lensing Map: NASA/STScI; ESO WFI; Magellan/U.Arizona/D.Clowe et al.

Bullet Cluster
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Large Scale Structure
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LARGE SCALE STRUCTURE
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M. Schumann, J. Phys. G46 (2019) no.10, 103003

 [arXiv:1903.03026]

Cosmic Microwave Background
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“Cosmic Energy Budget”

this is us
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Multiple Higgs Douglets

pseudo-Goldstone Bosons


…

DS models (requires SM mixing)

SIMP
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…

models with computed fraction of DM

models without computed fraction of DM

DS models with SM mixing

DS models without 


cosmological bounds applied

single non-relativistic 

DM-nucleus operators

single relativistic 

coupling, one mediator
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DM

*not to scale

e-

nucleus
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look for  
this jiggle 

phonons 
photons 
electrons
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Moving underground
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(Fermilab)
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Dark Matter Candidates
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meV eV keV MeV GeV TeV10-22 eV

Weakly-Interacting Massive Particles

(WIMPs)

Ωh2 ≃
10−37 cm2

⟨σannv⟩
≃ 0.1

mX~100 GeV

X

X f

Z f Jungman, Kamionkowski & Griest(1996)
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See talks by: 


Shengchao Li (XENONnT)


Carmen Carmona-Benitez (LZ)


Rafal Wojaczsknski (DarkSide-20K)


Quihong Wang (PandaX-4T)


Govinda Adhikari (COSINE-100 + DM-Ice)


Ruslan Podviianiuk (SuperCDMS)


Stefano Di Lorenzo (CRESST)


TJ Whitis (SBC)
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Current Landscape: Spin-Independent
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[arXiv: 2203.08084]
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Current Landscape: Spin-Dependent
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[arXiv:1903.03026]

no A2 —> bounds are about 5-6 orders magnitude weaker than SI
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• increase target mass
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New technologies: 
• Supercooled detectors

• Low Background DUNE-like module

• Giant gas TPCs in pressurized caverns
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Neutrino Fog
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[arXiv: 2203.08084]

Xe

Ar

Mitigation techniques: 
annual modulation


directional detection

Sun

Earth 
June

Earth 
Dec

DM halo

changes rate as a function of time
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Directional Detection
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[arXiv: 1505.08061]

Very distinct signature!  

Requires ability to reconstruct 

direction of nuclear recoil
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Directional Detection
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[arXiv: 2203.08084]

• DMTPC

• DRIFT-II

• NEWAGE-03b” 

• MIMAC

• CYGNO

• CYGNUS

• NEWS

See talk by: 

Sven Vahsen (CYGNUS)
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meV eV keV MeV GeV TeV10-22 eV

sub-GeV Dark Matter Weakly-Interacting Massive Particles

(WIMPs)
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challenges for meV-GeV DM direct detection
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fundamental challenge:  
need enough energy transfer 


from DM-target interaction

to create a detectable signal

depends on process 
and 

detector setup
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detecting sub-GeV DM in 2 easy steps

1. decrease energy threshold or sensitivity 


2. increase the energy transfer

26

consider a variety of materials 

consider different physical processes
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astrophysicsmaterial dependent

particle physics

DM-electron scattering rate

29

dh�vi
d lnER

=
�e

8µ2
�e

Z
q dq|f(k, q)|2|FDM (q)|2⌘(vmin)

number of target nuclei  
per unit mass

local DM density

R = NT
⇢�
m�

Z

ER,cut

d lnER
dh�vi
d lnER

energy threshold



Tien-Tien Yu (University of Oregon) CoSSURF — May 12, 2022

Lee-Weinberg Bound

30

X

X f

Z

mX ≳ few GeVΩXh2 ≲ 0.1

f

B. W. Lee and S. Weinberg, Phys. Rev. Lett. 39, 165 (1977)
E.W. Kolb and K. Olive, Phys.Rev. D34 (1986) 2531

spires-open-journal://
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Lee-Weinberg Bound

31

X

X f

Z

ΩXh2 ≲ 0.1

Way out: have new light boson that mediates the interaction

f

mX ≳ few GeV

Boehm and Fayet [hep-ph/0305261]


Pospelov et al [0711.4866]
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Dark Photon
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Dark Photon
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SU(3)C × SU(2)W × U(1)Y × U(1)X

A’ photon

ℒ ⊃ −
1
4

F′ 
μν F′ μν −

ϵ
2

FμνF′ μν +
1
2

mA′ 
A′ 

μ A′ μ

X
X

X f

f
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DM-electron scattering rate
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DM-electron limits in 2018

35

beam dump

Essig, Volansky, TTY Phys.Rev.D 96 (2017) 4, 043017 [1703.00910] 
DarkSide Collaboration Phys.Rev.Lett. 121 (2018) 11, 111303 [1802.06998]
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DM-electron limits in 2018
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beam dump
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See talk by: 

Ana Martina Botti (SENSEI)
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Looking forward
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100 g-yr
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30 kg-yr
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Dark Matter Candidates
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Threshold Detectors
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meV eV keV MeV GeV TeV10-22 eV

sub-GeV Dark Matter Weakly-Interacting Massive Particles

(WIMPs)

Noble Elements (TPCs, SPCs)

Solid-State Charge Detectors


Phonon Detectors (e.g. HeRALD)

Threshold Detectors

Superconductors

Low-Gap Materials (e.g. SPLENDOR)


Polar Materials (e.g. SPICE)

Superfluids


Single Molecular Magnets

Magnetic Bubble Chambers


…
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Outlook for sub-GeV DM direct detection
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Other models
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Other Models
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DM-nucleon scattering DM absorption
[arXiv:2203.08297]
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Super Heavy Dark Matter
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Super-Heavy Dark Matter
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DM-nucleon scattering DM-nucleus scattering
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Summary

• There are a wide-range of DM candidates spanning many orders of 
magnitude in mass space


• Direct detection (and underground labs) can probe a large portion of 
parameter space


• Several new and upgraded experiments coming online in the next several 
years


• These include new technologies and techniques such as directional detection


• These experiments are sensitive to a wide-range of DM models and more!
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