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Submission summary
114 submissions found to be  

relevant to the Dark Matter and Dark Sector area.

Relevant mass ranges and benchmark models identified.



Goal of my talk 

To set up the stage for the subsequent talks.

Goal of my talk

Summarize the basics and define the terminology. 

More details, with actual plots, covered later.



Dark matter and dark sector
• Evidence of Dark matter (DM) in different scales:

• Unknown new physics needs not be simple = “Dark sector”

• We know its energy density, but not its mass and interaction,

though theory-driven representative models exist.

Diverse/complementary efforts to cover diverse mass ranges.

  ρχ = mχnχ ≃ 0.4 GeV/cm3



Classification

1. Ultralight mass range . 

2. Light mass range . 

3. Heavy mass range . 

4. Ultraheavy mass range 

mχ ≲ eV

keV ≲ mχ ≲ GeV

GeV ≲ mχ ≲ 10 TeV

TeV ≪ mχ

We classify models and methods by mass ranges.



Ultralight mass range: theory
• Ultralight mass :mχ ≲ eV

“Occupation number” ∼ nχ × (mχv)−3 ∼ ( 10 eV
mχ )

4

.

Must be a boson, appropriate to think it as ‘’classical waves’’

• Representative example : QCD axion.

with frequency  ∼ GHz ( 10−6 eV
mχ ) .

Explain why neutron EDM is small = strong CP problem.

Naturally light due to Pseudo-Goldstone nature.

Well-defined relic abundance target.

a
a
a
a
a
a



Ultralight mass range: experiment
• Dark matter as a classical wave. 

Affect e.g. electromagnetic response.

• Astrophysical/cosmological production also important.

• Can be produced in the laboratory.

Disclaimer: showing only non-exhaustive lists. 

a

· ⃗E − ⃗∇ × ⃗B = gaγγ ( ·a ⃗B + ⃗∇ a × ⃗E )
DM-induced current B

a γ

e.g. “Light-shining-through-wall”
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Light mass range: theory
• Cosmological thermal “freeze-out” abundance:

• Dark sector can couple to SM via “portals”:

ℒ = 𝒪SM × 𝒪dark =

ϵBμνF′ μν

|H |2 S, |H |2 S2

LHNR

aFF̃

: dark photon portal,

: Higgs portal,
: neutrino (HNL) portal,

: axion-like particle (ALP) portal.

For   : new small coupling.mχ ≪ 100 GeV, g2
χ ≪ 0.01

Ωχh2 ∼ 10−26 cm3/sec
⟨σv⟩ ∼ 0.1 ( 0.01

g2χ )
2

( mχ

100 GeV )
2

for ⟨σv⟩ = g4
χ /m2

χ .

SM DS
‘’portal’’

• Thermal “freeze-in” at tiny gχ :
Ωχh2

gχ

freeze-outfreeze-in

Ωχh2

T

 : smallgχ

 : largegχ

T ∼ mχ



Light mass range: experiment
• Light but weakly coupled. Precision is crucial.

• Astrophysics/cosmology relevant, especially for mχ ≲ 10 MeV .

• DM direct detection (DD) with lower threshold/lighter target:

e.g.

Erecoil ∼
m2

χ

mtarget
v2 ∼ 0.1 keV ( mχ

1 GeV )
2

( 10 GeV
mtarget )

for mχ ≪ mtarget .

Decay/scattering signals:

Missing energy signals: X

Disclaimer: showing only non-exhaustive lists. 
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Heavy mass range: theory

• Thermal relic abundance:

Ωχh2 ∼ 10−26 cm3/sec
⟨σv⟩ ∼ 0.1 ( 0.01

g2χ )
2

( mχ

100 GeV )
2

For   : sizable coupling.mχ ≳ 100 GeV, g2
χ ≳ 0.01

• May have strong connection to EW physics g2
χ = g2

SM, mχ ∼ mEW .

• Even if not, natural to have “portals” to EW physics.

Weakly interacting massive particles (WIMPs): Higgsino, Wino, … 

 : Higgs portal, -portal, …|H |2 S, |H |2 S2 Z′ 



Heavy mass range: experiment
• Sizable coupling but heavier.

High energy colliders crucial.

• Indirect detection provides another strong probe.

• DM direct detection most sensitive here.

DM

DMSM

SM

DM

DMSM

SM

DM

DMSM

SM

Erecoil ∼ mtargetv2 ∼ 10 keV ( mtarget

10 GeV ) for mχ ≳ mtarget .
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⋯
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Ultraheavy mass range
• Simple (perturbative) thermal production does not work

Ωχh2 ∼ 10−26 cm3/sec
⟨σv⟩ ∼ 0.1 ( 1

g2χ )
2

( mχ

10 TeV )
2

Coupling becomes non-perturbative for mχ ≫ 1 TeV .

• DM direct detection, astrophysics, …, can probe these models.

• Can be composite and/or non-thermally produced.

e.g.

Primordial Black Hole (PBH) : 

δρ
ρ

≳ 1



Summary

• More details on each mass range to be covered in the following.

• Diverse techniques necessary to cover diverse mass range.

• Classified according to mass ranges.

1. Ultralight mass range . 

2. Light mass range . 

3. Heavy mass range . 

4. Ultraheavy mass range 

mχ ≲ eV

keV ≲ mχ ≲ GeV

GeV ≲ mχ ≲ 10 TeV

TeV ≪ mχ

a
a
a
a
a
a
a
a
a


