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10-22 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV
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Astrophysical 
object

MACHO, PBH, 
non-particle 

Superheavy

composite,
WIMPzilla , 

Q-ball,
Fermi-ball,
dark-quark 

nugget,
non-thermal

WIMP

well-motivated ,
extensively 

studied,
thermal
No firm 

signal yet !

Light

SIMP,
ELDER,
can be 

thermal

Superlight

sterile Ȋ,
axino,

warm DM,
can be 

thermal

Ultralight

(QCD) axion,
hidden photon,

scalar field,
fuzzy,

non-thermal
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Heavy mediator: Ὂ ρ Light mediator: Ὂ ᶿρȾή

× Ek ~ mv2 , ɮ ὲὺ &  ὲ ”Ⱦά Č lighter DM : smaller Er but lager flux (lighter target particle )

Č low Eth preferred but even OK with small target mass (e-recoil )

Dark Matter Limit Plotter v5.17, updated December 21, 2021

Limited by Eth

10-22 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV
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Heavy mediator: Ὂ ρ Light mediator: Ὂ ᶿρȾή

× Ek ~ mv2 , ɮ ὲὺ &  ὲ ”Ⱦά Č lighter DM : smaller Er but lager flux (lighter target particle )

Č low Eth preferred but even OK with small target mass (e-recoil )

Dark Matter Limit Plotter v5.17, updated December 21, 2021

Limited by Eth

How about boosting

light DM ( ○ᴼ╬)?

10-22 eV keV MeV GeV TeV PeV ρππὓἄ 1ͯ068 eV
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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 !

× BDM signal: detectable at large Vol. 

DM & neutrino detectors

G. Mohlabengôstalk tomorrow!
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[Bhattacharya et al., JCAP (2015); 
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more]

× Relic component DM: non-relativistic !

× BDM signal: detectable at large Vol. 

DM & neutrino detectors

× Heating via sizable self-scattering (natural for LDM) Č affect the thermal evolution of DM

[Kamada, Kim, Kim & Sekiguchi, PRL (2018); Kamada, Kim, JCP & Shin, 2111.06808] S. Shinôs talk later today!

G. Mohlabengôstalk tomorrow!



Cosmic -ray -induced 
BDM
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×Currently evidence & observation : only gravity ×Particle nature : interaction w/ SM via non -gravity

1

2

DM
3

p

p
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The other way around!

Ὡȟὴȟ’ȟȣ

Ⱶ

Ὡȟὴȟ’ȟȣ

Ⱶ
¶

¶

Ⱶ
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Cosmic -Ray -Induced BDM

× Energetic cosmic-ray-induced BDM: 

energetic cosmic-rays kick DM

(large Ὁ ȟ ȟȟȣČ large Ὁ ) 

Č Efficient for Light DM

Ⱶ

Ὡȟὴȟ’ȟȣ

…

Ὡȟὴȟ’ȟȣ

…

¶

¶

Large ╔▓
Ⱶ

due to ╔▓
╒╡transfer
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Cosmic -Ray -Induced BDM

× Energetic cosmic-ray-induced BDM: 

energetic cosmic-rays kick DM

(large Ὁ ȟ ȟȟȣČ large Ὁ ) 

Č Efficient for Light DM

Ⱶ

Ὡȟὴȟ’ȟȣ

…

Ὡȟὴȟ’ȟȣ

…

¶

¶

V Charged cosmic-ray (Ὡȟὴ ): [Bringmann & 

Pospelov, PRL (2019); Ema +, PRL (2019);  Cappiello & 

Beacom, PRD (2019); Dent +, PRD (2020); Jho, JCP , 

Park & Tseng, PLB (2020); Cho +, PRD (2020); more]

V Cosmic-rayⱨ(ⱨBDM ): [Jho, JCP , Park & Tseng, 

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

2108.05608; more]

Calculation of BDM E-spectrum: quite 

similar even with different types of cosmic 

rays except the neutrino -induced case ! 

Large ╔▓
Ⱶ

due to ╔▓
╒╡transfer

× Astrophysical processes: [Kouvaris, PRD (2015); 

Hu +, PLB (2017);  An +, PRL (2018); Emken +, 

PRD (2018); Calabrese & Chianese+, PRD (2022); 

Wang +, PRL (2022); Cappielloôstalk ; more]
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Ὥ Ὡȟὴȟȣ

…

Ὡȟὴȟȣ

…

¶

¶

× Charged-cosmic-ray-induced BDM: charged cosmic-rays kick DM (large Ὁ ȟ ȟȣ)

Large ╔▓
Ⱶ

due to 

╔▓
╒╡transfer

V DM-i interaction Č Non-relativistic halo DM can be boosted by high E charged cosmic-rays.

V BDM flux : by convolution of charged cosmic-ray fluxes & DM-i differential cross section

(charged cosmic-ray fluxes: AMS-02, DAMPE, Fermi -LAT, Voyager, é) 

”: the relic density of …in the galaxy

Ὠɮ /Ὠὑ: the local interstellar differential flux of the cosmic -ray particle i

ὑ : the minimum kinetic energy of the cosmic -ray particle i

Ὠɮ

Ὠὑ

ρ

τ“
Ὠɱ

ȢȢȢ

Ὠί
” ὶίȟ—

ά
Ὠὑ
Ὠ„ ᴼ ὑ

Ὠὑ

Ὠɮ

Ὠὑ
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ⱨ

…

ⱨ

…

¶

¶

× Cosmic -ray ⱨ-induced BDM (ⱨBDM ): cosmic-ray neutrinos kick DM (largeὉⱨ)

Large ╔▓
Ⱶ

due to 

╔▓
ⱨtransfer

V DM-ⱨinteraction Č Non-relativistic halo DM can be boosted 

by ⱨôs from stars in the galaxy.

[1307.5458]

♠ⱨḻ♠▄ȟ▬

[Jho, JCP , Park & Tseng, 2101.11262] 
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ⱨ ⱨ
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ⱨ

ⱨ

[Jho, JCP , Park & Tseng, 2101.11262] 
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× BDM production by ’from a star

× BDM flux by ’ôs from a single Sun-like star

Neutrino emission rate for a Sun-like star

Variances of stellar properties from Sun

Attenuation of the ɜflux due to propagation

scattering angle=direction to the earth via kinematic relations

[Jho, JCP , Park & Tseng, 2101.11262] 
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[Jho, JCP , Park & Tseng, 2101.11262] 

V BDM flux by ’ôs from Sunby taking ᴆὼ ᴆώ Ὀṩ:

Sun provides the largest ’flux to Earth, 

but only small volume of nearby low density DM halo comprises the BDM flux.

V Entire stellar contributions in the galaxy :  

× BDM production by ’from a Sun-like star
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Dominant contribution : 

ⱨ& DM populated regions

Č e.g., Galactic Center

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

×Extra -galactic(EG) contribution to the ȊBDM flux 
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×Extra -galactic(EG) contribution to the ȊBDM flux 

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 
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×Extra -galactic(EG) contribution to the ȊBDM flux 

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

Each galaxy can be 
a source of BDM
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× BDM fluxes by Galactic/EG star neutrinos, DSNB & cosmic electrons

V EG-ⱨBDM (far) : most dominant

for ά ρͯkeVČ ὑ ṂρπMeV 

for ά ρͯππMeVČ ὑ ṂρMeV

Bump structures 
from original 
star Ȋspectrum

ά ȟά
ρȟρ [keV]

ά ȟά
ρπȟρ

ά ȟά
ρȟρπ

ά ȟά
ρπȟρπ

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

V CRe-ⱨBDM : dominant for high 

ὑ

V DSNBG : dominant in-between
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[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

V XENON1T [Ὁ ὕͯρËÅ6& 1 t & 3,600 m.w.e.]  vs.  JUNO [Ὁ ὕͯρππËÅ6& 20 kt & 2,000 m.w.e.]

V More squeezed lower constraint lines for lighter ά ċ Less flux change for light ά

with  Ὣ Ὣ ḳὫ

×Experimental status
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[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

V XENON1T: mostly better limits (lower Ὁ )

V JUNO: competitive upper limits (less attenuation) & better limits for heavier ά with lighter ά

(high flux even for ὑ ὕͯρππËÅ6) 

×Experimental status

with  Ὣ Ὣ ḳὫ
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×Experimental status

V’BDM+CRe-BDM contributions to XENON1T/ JUNO e-recoils

V Expected sensitivities for sub-GeV DM from various current & future detectors: 

the ’BDM provides stringent constraints on unexplored parameter space for light DM (ṂMeV)  

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

with  Ὣ Ὣ ḳὫ

Heavy mediator: Ὂ ρ Light mediator: Ὂ ‌άȾή
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ü To understand the particle nature of DM , we need non-gravitational 

DM-SM interactions .

üReversing DM direct detection process 

Č Energetic Cosmic -Rays -induced BDM: Ὡȟὴȟⱨȟȣ

ü Light DM ṂO(10 MeV) : we can get enough BDM flux even for ton -scale DM detectors. 

üά Ḻά ȟ(ά ) but ♠ⱨḻ♠▄ȟ▬Č Flux: ȊBDM > CRe-BDM for ὑ Ṃὕρ ρπMeV.

ü The EG contribution is the dominant component of the ’BDM flux: EG ὕρππ Galactic.

Ⱶ



Back -Up
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[DSNB-BDM, 2104.00027] 

[PBH ɜ-BDM, 2108.05608] 

[Star ɜ-BDM, 2101.11262] 

[2106.02492]
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[Jho, JCP , Park & Tseng, 2101.11262] 

×BDM fluxes by solar/ star neutrinos & cosmic electrons ×BDM fluxes for different mediator & DM masses 

VⱨBDM ͯρπ BDM by solar ’

VⱨBDM ͯρπ CeBDM for ὑ ṂυπkeV

VⱨBDM (solid ) vs. CeBDM (dashed ) 

Solar/star neutrinos can very efficiently boost light DM (ṂρπMeV)!

Bump structures 
from original 
star Ȋspectrum

Lighter ά

Lighter ά
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[Jho, JCP , Park & Tseng, 2101.11262 
& In preparation] 

×Arrival direction distribution of the ȊBDM flux

Vὑ Ḻά : large-angle scattering is allowed.Č Contributions: relatively far from the GC Č large effective Vol.

Vὑ ḻά : forward scattering is preferred. Č GC contribution: dominant Č small effective Vol.



30

×Some issues in more realistic estimation of the ȊBDM flux 

V Extra-galactic contribution?

V All of the stars are not Sun-like: 

enhanced neutrino luminosity 

for red-giants

V DM  halo profile& Star 

distribution (Spiral vs Elliptic)?

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 
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[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

×Extra -galactic(EG) contribution to the ȊBDM flux: Properties of extra -galaxies    

Mass composition of Galaxies

(based on Hubble deep field survey)

Stellar-to-Halo Mass ratio

(based on N-body simulation)

Astron. Astrophys. 634 (2020) A135
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[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

×Extra -galactic(EG) contribution to the ȊBDM flux: Properties of extra -galaxies    

Evolution of galaxy number density at ᾀ ψ

The Astrophysical J. 830 (2016) 83
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ά =

ά =
1 keV

1 keV 10 keV 100 keV 1 MeV 10 MeV 100 MeV

[Jho, JCP , Park & Tseng
2101.11262 & In preparation] 

10 keV

100 keV

1 MeV

10 MeV



Boosted (Light) DM
& Its Searches
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[D. Kim, JCP , S. Shin, PRL (ςπρχ);
G. Giudice, D. Kim, JCP , S. Shin, PLB (2018)]

(cf. ……O ‎‎ȟⱨⱨ)

ὩȾὴ

…

ὢᶻ
¶
Ὣ

‭

ὩȾὴ

Ὡ

Ὡ

…

ὢᶻ
ὢᶻ

‭
‭

¶¶
Ὣ Ὣ

ὴ- or Ὡ-scattering (primary) Decay (secondary)

elastic scattering ( eBDM ) inelastic scattering ( i BDM )
[Agashe, Cui, Necib, Thaler, JCAP (ςπρτ); 

Kong, Mohlabeng, JCP , PLB (2015)]

…

…

…

…

…
(Laboratory)

becomes boosted

(Ȃ1=m0/ m1)

1~3 tracks

depending 

on Ὁ & ὰ

Detector Detector
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V Not restricted to primary physics goals

V Opened to other (unplanned) physics opportunities

Boosted DM (BDM) models: 
Receiving rising attention as an alternative scenario 

╜ⱶ [GeV]ρπ ρπ

○ͯ ╬Č even ’detector 
w/ high Ὁ is OK!


