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v' Cosmic dark matter (OM) problem and influential DM candidates.
v’ Thermal (Weakly Inferacting Massive Particle) DM candidafes.

v' Heavy thermal DM candidaftes and direct dark matfer detection
v Light thermal DM candidafes and neufrino experiments
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DM problem & What we Know about the DM

O The dark matter problem:
We know that dark mattfer (OM) exists in our universe
We know how the DM is distributed in our universe
We know liftle about the microscopic nature of the DM

O What we know about the DM:
The DM must be (almost) electrically neutral
The DM must be (enough) stfable (Ifs lifetfime >> Age of U)

The DM must be (enough) cold (non-relativistic) af present
The DM must be (enough) weak -inferacting
The average mass density of the DM is 10%GeV, cnP

The mass of the DM must be between 10722eV and 1059
I I >DM Mass

10-22eV 1035 g

myy > 10722eV: 1,(De Broglie W. L) = 2r/(mv) < Galaxy size
myy < 10°3% g : DM must be liohter enough than a host galaxy,
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Influentisl DM candidates

| Wave-like Particle-like | Macroscopic |

| I | —>DM Mass

1022eV 0.1eV 10° GeV 1035 g
Axion-ALP WIMP pBH

O Three DM mass regions:

myy < 1077 eV: The occupation number of DM in a galaxy > 0(])
myy > 10'°GeV: DM cannot be a particle, Ap=2rx/m > re=2m,/m,f.
107 eV < my, < 107°GeV: DM can be a particle in this region,

O An influential DM candidate af each mass region:

v Axion-ALP is infroduced in the PQ mechanism for the sfrong
CP problem or in the scenario of the sfring axiverse efc

v' PBH is only the DM candidafte that is described in the minimal
SM + GR framework Some inflation models create the pBH

v' WIMP is a very atfractive candidate from the viewpoint of
cosmology. It is also offen predicted by various BSM models
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O Motivation

v' Free from the initial condition S
problem of the DM abundance, ="t

[l
bl

v' Detectable via interactions for sS-of ™ ™t "\=IL__5 am
maintaining the equilibrium F I
v’ The freeze-outf mechanism _ :
defermines the DM abundance, ~ = __ i

O The WIMP mass must be between 0(])MeV and 0(100)TeV/

, Light WIMP | EWWIMP | Heavy WIMP |
| | | —> WIMP Mass

1 MeV 1 GeV 1TeV 1 PeV

Underground and collider experiments already sef stringent limits/
Only a few scenarios (lepfophilic. pNGB. H-blind, efc) remain viable

Myyp> 0(1)MeV: Consistency with cosmology (.° CMB, BBN obs,)
Myue < O(100)TeV: Unitality (upper) limit on WIMP annihilation,
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Heavy WIMP

> WIMP Mass

1 TeV 1 PeV
B

| WIMPs that feel the SM weak inferaction.|  Composite WIMPs

O There are many candidaftes, depending on their weak charges.

Hypercharge From the relic abundance cond,
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The mass is 0(]1—100) TeV/

[Mixed WIMPs are not welcome.]
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O Direct defection of the WIMPs af underground laboratories!
v’ Scatfering via the weak inferaction
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Weak charge

Heavy WIMP DM
O Direct defection of the WIMPs af underground laboratories!
v’ Scatfering via the weak inferaction
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O Direct detection of the WIMPs af underground laboratories!
v’ Scatfering via the weak inferaction
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Scalar WIMP has a direct inf. [Vector WIMP: M. Fujiwara, 2020, 2021, 2025]
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Light WIMP
—> WIMP Mass

1 MeV 1 GeV
B

O Severe constraints from cosmology Changing T.(0), T,(t), H(t)

Photo-dissociation

|
|
|
v vV v
CMB BBN  v-decoupling
| | | | > T
2.7K 3000K 0.1MeV 2MeV (1eV=10K)

v WIMP has a velocity -dependent
annihilation cross-sectfion @ NK

| [/ WIMP annihilates into harmless ]
particles, namely neufrinos.

e v' Relic abundance is defermined by
[ S VA another process rather than ann,

[M. Kawasaki, K. Nakayama, et al, 2010, 2015,2021] Td/(ing non-standard co _fmo/agy
[Tracy R. Slatyer, PRD93, 2016] 4

<6 v> (cm’/s)
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O Light WIMP intferacts with the SM via Mediator: DM-MED-SM

** Collider consitraints
DM — SM DM >.< MED < sms
DM SM MED < SMs

Neutrinophilic medistor required: O Defection @ Neutrino exps,

A mediator coupling fo neufrinos
but not fo a pair of electrons’/ o
v' Majoron-fype scalar mediator

[N. Bell, M. Dolan, A. Ghosh, M. Virgato, 2025.]

v U(l) I~ L) gauge boson » i
[P. Foldenauer, PRD 2019, arXiv:1808.03647.]

v U(1)s .,y 98tge boson » 7 s ‘ 10 20
B-L+xVY
[T. Aonashi, S.M., Y. Watanabe, et al, 2025(exp).]
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Summary

We have discussed well-motivated dark matfer (OM) candidates that
can be defected in rare event search experiments, such as direct OM
detfection and neutrino observatories in underground laboratories!

v' First we briefly reviewed the cosmic DM problem in our universe
and infroduced influential candidates across different mass
ranges, ie, wave-like particle-like and macroscopic We then
focused on WIMP (thermal) DM, discussing some of its defails,

v’ The most influential WIMP candidafes in the heavy mass region are
those with a weak charge, meaning they are nearly eigenstafes of
the SM weak inferaction These WIMPs can be efficiently searched
for in near-future and future direct DM defection experiments.

v' In the low mass region, atfractive candidaftes include neutrophilic
WIMPs, which evade severe limits from cosmological observations.
These WIMPs can be efficiently searched for in near-+future and
future indirect DM detection experiments af neutrino felescopes.
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