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Dark Matter: WIMP?
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×Modern cosmology :

×Compelling  paradigm :

V Massive,

V Non-relativistic (ὺḺὧ),

V Non-luminous (no/tiny EM interaction),

V Stable particles

The Standard Model

Many more other observations!

Dark Matter ?
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DM SM

SMDM

Interaction

ü Correct thermal relic abundance:

ɱὬͯ
Ȣ

with „ὺͯ (M : dark scale/mediator)

ü Weak couplingČ naturally weak scale mass:

~ 1 GeV ï100 TeV mass range favored 

Č weak scale (new) physics

* Of course also axion

annihilation

Freeze-out

Relic abundance

PRL (1977)
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[1805.10305]
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×No solid observation

Č Stringent constraints

on WIMP

DM Limit Plotter v5.18

1

2

DM

3

p

p

Lack of a conclusive WIMP signal 
Č increasingly motivating alternatives
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[2209.07426]

WIMP

×Light DM models involving new 

light mediators: growing attention.

×The experimental detection of 

such light DM candidates: 

challenging as the conventional 

search efforts are designed and 

optimized for WIMP.



Nuclear Scattering
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×Coherent elastic nuclear scattering

╝

ⱨȟⱵ

╝

ⱨȟⱵ
¶

¶

B. Frois, Nuclear Structure (1985)
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×Coherent Elastic ⱨNucleus Scattering (CE’NS)

ρστςςevents observed! Č The absence of CEȊNS

events is rejected atφȢχ„.

COHERENT [1708.01294]

PRD (1974)

PRD (1984)
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×Coherent Elastic DM Nucleus Scattering Č DM Direct Detection

PRD (1985)

No solid observation yet.

DM Limit Plotter v5.18
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×Why inelastic channel?

╝

ⱨȟⱵ

╝ᶻ

ⱨȟⱵ
¶

¶

Ὁ ṂυπMeV

üSignatures

VElastic : low energy nuclear recoil

V Inelastic : ‎cascade (ЎὉṂρπMeV), 

‎cascade + nucleons (ЎὉṃρπMeV)

üMotivation

VA new channel to study

VLarger energy ͯ ὕρ ρπMeV

VBetter S/B ratio

Sahuet al., [2004.04055]
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PLB (1976)

PLB (1991)

üRecent 

improvements

V Inclusion of multiple excited states

VConsistent handling of hadronic currents

VExclusive cross sections for each stateDutta, Newstead et al., 
[2206.08590]

×Inelastic ⱨNucleus Scattering (I’NS)

╝

ⱨ

╝ᶻ

ⱨ
¶

¶
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×Inelastic DM Nucleus Scattering

╝

Ⱶ

╝ᶻ

Ⱶ
¶

¶

PLB (1988)

XENON1T [2011.10431]

39.6 keV de-excitation ♬from ἦἭ

57.6 keV de-excitation ♬from ἓ

COSINE-100 [2307.09814]



Is it possible to search for inelastic nuclear

scatterings by DM in neutrino detectors ?

Kinematically impossible for the ambient DM
to leave detectable MeV-range signatures

through the inelastic channel: ╔╡ͯ ⱧⱵ╝○<MeV



Is it possible to search for inelastic nuclear

scatterings by DM in neutrino detectors ?

Kinematically impossible for the ambient DM
to leave detectable MeV-range signatures

through the inelastic channel: ╔╡ͯ ⱧⱵ╝○<MeV



Boosted Dark Matter 
(BDM)
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Boosted DM (BDM) coming from the Universe

…

…

…

ὢ

…

‰

…

V Semi-annihilation model
ά ḻ ά

V Decaying multi -component DM 
ά ḻ ά

…

…

…

…

V Multi -component model
ά ḻ ά

Large ╔▓
ἎἙ(monochromatic) due to mass gap

[Belanger & JCP , JCAP (2012); 

Agasheet al., JCAP (ςπρτ);

Kong, Mohlabeng, JCP , PLB (2015); 

Berger et al., JCAP (2015); 

Kim , JCP , Shin, PRL (2017); 

more]

[DôEramo& Thaler, JHEP (2010);

Berger et al., JCAP (2015)]

[Bhattacharya et al., JCAP (2015); 

Kopp et al., JHEP (2015); 

Cline et al., PRD (2019); 

Heurtier , Kim, JCP , Shin, PRD (2019); 

more]

× Relic component DM: 

Non-relativistic!
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Cosmic -Ray -Induced BDM

× Energetic cosmic-ray-induced 

BDM: energetic cosmic-rays 

kick DM (large Ὁ ȟ ȟ ȟⱨȟȣČ

large Ὁ )

Č Efficient for Light DM

(Åⱨ

Ⱶ

Ὡȟὴȟ(Åȟ’,
ȣ

…

Ὡȟὴȟ(Åȟ’ȟȣ

…

¶

¶

× BDM from astrophysical processes:

Solar evaporation - Kouvaris, PRD (2015)

Dark cosmic rays - Hu +, PLB (2017)

Solar reflection - An +, PRL (2018)

Solar acceleration - Emken +, PRD (2018)

Atmospheric collider ïAlvey+, PRL (2019) 

PBH evaporation - Calabrese +, PRD (2022) 

Blazar jets - Wang +, PRL (2022)

Supernova shocks ïCappiello

more

× Charged CRs: [Bringmann & Pospelov, 

PRL (2019); Ema et al., PRL (2019);  Cappiello

& Beacom, PRD (2019); Dent & Dutta et al., 

PRD (2020); Jho, JCP , Park & Tseng, PLB 

(2020); Cho et al., PRD (2020); more]

× CRⱨ(ⱨBDM ): [Jho, JCP , Park & Tseng, 

2101.11262; Das & Sen, 2104.00027; Chao, Li, 

Liao, 2108.05608; Lin, Wu, Wu, Wong, 

2206.06864; more ]


