
3. Nuclear recoil spectrum in DM direct detection:

(a) 𝑣min = 𝐸𝑅𝑚𝑁/2𝜇𝜒𝑁
2 =

𝑚𝜒+𝑚𝑁

𝑚𝜒
𝐸𝑅/2𝑚𝑁

(b) Shape of nuclear recoil spectrum (dependence on 𝑚𝜒)

See e.g., [Lewin & Smith, Astroparticle Physics 6 (1996) 87]

4. Fluxes of DM annihilation products, e.g., 𝑒±, ҧ𝑝:

(a) Annihilation cross section dependence 

(b) 𝑚𝜒 dependence



4. Indirect Detection



Cosmic Rays
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Cosmic Rays from DM

 Search for the products of DM annihilation and/or decay: γ, ν, e±, p, … 

DM



Cosmic Rays from DM: Showering

 Final states from DM annihilation and/or decay: γ, e±, p±, ν, … 

𝒆±

𝝂

𝜸

𝜸
𝜸

𝒑±

Strongly 
rely on QCD



 Great sensitivity to cosmic-ray signals

 Better chance to have the information for 

extracting DM properties

 Balloon-based:

ATIC, PPB-BETS, …

 Satellite-based: 

AMS, Chandra, Fermi-LAT, PAMELA, 

XMM-Newton, DAMPE, ASTROGAM, …

IceCube

Fermi-LAT

 Ground-based

MAGIC, HESS, CTA, IceCube,  

Super-K, Hyper-K, DUNE, …

CTA

SK



DM

DM

SM

SM

GC: 
high-density DM

γ, ν

p±, e±

Indirect Detection: Cosmic Rays



γ, ν

DM

DM

SM

SM

 γ, ν: (almost) straight line 
from where it is created

 ν: large volume is required!

 𝑝
±/
𝑒±: diffusive trajectory due to interaction with ISM, galactic 

magnetic field

 They (especially 𝑒±) may not reach the Earth if too diffused 
(i.e., too distant).

GC: 
high-density DM

p±, e±

Indirect Detection: Cosmic Rays





Vera Rubin





 Primary channels (including annihilation amplitudes, relative ratios  𝜎𝑣𝑖):

determined by particle physics

 Flux of DM annihilation products: Φ ∝ 𝜎𝑣 𝑛2 𝑟

𝑛 𝑟 : the number density of a DM particle

DM
+

DM



DM+DM                       Primary channel                          Secondary channel

Theoretical model
(+ CalcHEP/MadGraph)

Simulation:
HERWIG/PYTHIA

? 𝒆±

𝝂

𝜸

𝜸
𝜸

𝒑±

𝑒𝐿
+𝑒𝐿

−, 𝑒𝑅
+𝑒𝑅

−, 𝜇𝐿
+𝜇𝐿

−, 𝜇𝑅
+𝜇𝑅

− , 𝜏𝐿
+𝜏𝐿

−, 𝜏𝑅
+𝜏𝑅

−

𝑞ത𝑞, 𝑐 ҧ𝑐, 𝑏ത𝑏, 𝑡 ҧ𝑡, 𝛾𝛾, 𝑔𝑔,

𝑍𝐿𝑍𝐿, 𝑍𝑇𝑍𝑇, 𝑊𝐿
+𝑊𝐿

−, 𝑊𝑇
+𝑊𝑇

−,

ℎℎ,

𝜈 ഥ𝜈𝑒, 𝜈𝜈𝜇, 𝜈 ഥ𝜈𝜏,

𝑉𝑉 → 4e, 𝑉𝑉 → 4𝜇, 𝑉𝑉 → 4𝜏, 𝑉𝑉 → 4𝜈



 Cosmic rays from DM annihilation is described by

8



 Cosmic rays from DM annihilation is described by

1) Shape of spectrum

𝒆±

𝝂

𝜸

𝜸
𝜸

𝒑±

8

γ, ν, e±, p±γ, ν, (e±, p±)



 Cosmic rays from DM annihilation is described by

1) Shape of spectrum

2) Normalization of the signal

number density of DM
nDM=ρDM/mDM

8



number density of DM
nDM=ρDM/mDM

 Cosmic rays from DM annihilation is described by

1) Shape of spectrum

2) Normalization of the signal 

3) 𝜸, 𝝂: Signal concentrated around the GC, 

Spherical symmetry, Morphology

determined by the DM distribution 

8

γ, ν



 Cosmic rays from DM annihilation is described by

1) Shape of spectrum

2) Normalization of the signal 

3) 𝜸, 𝝂: Signal concentrated around the GC, 

Spherical symmetry, Morphology

determined by the DM distribution 

s
r

𝑟⊙

8

γ, ν

number density of DM
nDM=ρDM/mDM

ψ





Diffusion zone

Simulation:
GALPROP



 SPI/INTEGRAL (γ e+): 511 keV line

 PAMELA (e±, p±, …): e+ excess

 ATIC (e-+e+): e-e+ excess

 Fermi-LAT (e-+e+, γ): e-e+ excess, 130 GeV line, GeV excess

 AMS-02 (e±, p±, …): e+ ( ҧ𝑝) excess

 XMM-Newton (X-ray): 3.5 keV line

 IceCube (ν): PeV events

 …

 DM signatures in cosmic-ray observations?



 SPI/INTEGRAL (γ e+): 511 keV line

 PAMELA (e±, p±, …): e+ excess

 ATIC (e-+e+): e-e+ excess

 Fermi-LAT (e-+e+, γ): e-e+ excess, 130 GeV line, GeV excess

 AMS-02 (e±, p±, …): e+ ( ҧ𝑝) excess

 XMM-Newton (X-ray): 3.5 keV line

 IceCube (ν): PeV events

 …

 DM signatures in cosmic-ray observations?



[PAMELA] 
Nature (2009)

[Fermi] PRD (2010)

 PAMELA, Fermi-LAT, AMS-02:

 Excess in e+/e- fraction and e++e- flux

 Require new sources of e+ & e-

[AMS 02] PRL (2013)

[AMS 02] PRL (2014)



International 
Space Station

[AMS 02] PRL (2019)



[arXiv: 1805.10305]



5. Collider



Direct Production



3

DM DM

SMSM

Interaction2

1

DM Production @ Colliders

1

2 3

DM



 Production of heavy particles (e.g. super-partner, Z’, t’, B, …)   E=mc2

 LHC Run I, Belle I: no conclusive evidence of DM yet

 LHC Run II (13 TeV), Belle II (high luminosity):  have been upgraded & now 

running!

LHC



 ν: to explain Missing E, p, S in the beta decay

 Nature(1934): “Too remote from reality!”

νe

Pauli(1930)   Fermi(1932)                

Missing E & p? 



 ν: to explain Missing E, p, S in the beta decay

 Nature(1934): “Too remote from reality!”

 DM cannot be directly detected 

 regarded as Missing E

νe

Missing E: DM? 

Missing E & p? 

Pauli(1930)   Fermi(1932)                



 LEP/ILC/Belle II/LHC/…: mono-X+ET

 limits on σχ-e/N & <σv>χχll, qq, …

Constraints on

DM models





Belle II Physics Book
[arXiv: 1808.10567]

NA64

𝑚𝑋 < 2𝑚𝐷𝑀 𝑚𝑋 > 2𝑚𝐷𝑀

Belle II 50 ab-1



Something 
New?



6. New Approaches



Fixed Target

(Beam Dump)



Active searchesPassive searches

Cloud chamber: 
𝑒+, 𝜇±,…

Collider: controlled environment

Conventional colliders

 Head-on collision of light     

SM-sector (stable) particles

 to produce heavier SM states

 and study resulting pheno.

~5% visible sector

Direct detection: 
(hopefully) DM?

DM “Production” (e.g. fixed target exp.)
: controlled environment

Dark matter productions

 Dump of SM-sector (stable) 

particles onto a target

 to produce dark-sector states

 and study resulting pheno.

~25% dark sector



SHiP @ CERN

LBNF/DUNE @ Fermilab

 p/e beam dump  Z’, DM production

 Original purpose: ν production (not all)

 Exps.: JSNS2/T2HK(J-PARC), 

NOVA/MicroBooNE/DUNE(Fermilab), 

PEX/HPS/DarkLight/BDX (J-Lab), 

COHERENT, CCM, SHiP(CERN), …



Gd-LS
17 ton

2.6 MeV

COHERENT JSNS2

14.6 kg
6.5 keV

24 kg
20 keV

185 kg
13 keV

10 kg
5 keV

Low E, High luminosity, Pulsed beam

CCM

LAr
10 ton



 Meson decays (P1): 𝜋0(𝜂) → 𝛾 + 𝛾/𝑿

𝜒

𝜒

Proton beam

Target

(slowly) moving 𝜋0

Detector

𝑿
𝑓

ҧ𝑓

𝜿𝒇
𝑿𝒙𝒇

𝑿
𝑿

𝜒

𝜒
𝜿𝑫
𝑿

𝛾

𝛾 𝑋

 For example,

𝜅𝑓
𝑋𝑥𝑓

𝑋 → 𝑄𝑓 𝑒𝜖 for the dark photon scenario



 𝜋− capture (Panofsky) process (P2): 𝜋− + 𝑝 → 𝑛 + 𝛾/𝑿 (X: single-valued E)

𝜒

𝜒

Proton beam

Target

stopped 𝜋−

Detector

𝑿
𝑓

ҧ𝑓

𝜿𝒇
𝑿𝒙𝒇

𝑿
𝑿

𝜒

𝜒
𝜿𝑫
𝑿

𝛾

𝑝 in target

𝑛

𝑋

 For example,

𝜅𝑓
𝑋𝑥𝑓

𝑋 → 𝑄𝑓 𝑒𝜖 for the dark photon scenario



 Charge exchange processes (P3): 𝜋−(+) + 𝑝 𝑛 → 𝑛 𝑝 + 𝜋0 &  𝜋0 → 𝛾 + 𝛾/𝑿

𝜒

𝜒

Proton beam

Target

𝜋±

Detector

𝑿
𝑓

ҧ𝑓

𝜿𝒇
𝑿𝒙𝒇

𝑿
𝑿

𝜒

𝜒
𝜿𝑫
𝑿

𝑛/𝑝 in target

𝑝/𝑛

𝑋

𝜋0

𝛾

 For example,

𝜅𝑓
𝑋𝑥𝑓

𝑋 → 𝑄𝑓 𝑒𝜖 for the dark photon scenario



 𝑒±-induced cascade (P4): electromagnetic cascade showering & 𝛾 → 𝑿

𝜒

𝜒

Proton beam

Target

Secondary 𝑒±

Detector

𝑿
𝑓

ҧ𝑓

𝜿𝒇
𝑿𝒙𝒇

𝑿
𝑿

𝜒

𝜒
𝜿𝑫
𝑿

𝑋

𝛾

…

 For example,

𝜅𝑓
𝑋𝑥𝑓

𝑋 → 𝑄𝑓 𝑒𝜖 for the dark photon scenario

Dedicated simulation using 
e.g. GEANT4 is needed!



 Nucleus scattering (D1): small 𝐸𝑟 (< MeV)  COHERENT, CCM

 Electron scattering (D2): large 𝐸𝑟 (> MeV)  JSNS2

𝝌
𝝌

𝑁/𝑒

Detector

𝑁/𝑒

𝜒 𝜒

𝑓 𝑓
𝜿𝒇
𝑽𝒙𝒇

𝑽

𝜿𝑫
𝑽

𝑉

𝐹𝑉: form factor,   𝐸𝜒: E of incoming DM,   𝐸𝑟,𝑁: recoil kinetic E of target nucleus        

𝑚𝑁: mass of target nucleus,   𝑚𝑉: mass of a mediator

𝐸𝑟,𝑒: recoil kinetic E of target electron

𝑚𝑒: mass of target electron
𝑍: atomic number
𝑠 = 𝑚𝑒

2 + 2𝐸𝜒𝑚𝑒 +𝑚𝜒
2

𝜆 𝑥, 𝑦, 𝑧 = (𝑥 − 𝑦 − 𝑧)2−4𝑦𝑧

𝜒

𝜒

Proton beam

Target

stopped 𝜋−

𝛾

𝑝 in target

𝑛

𝑋



 Prompt neutrinos from the decay of stopped (positively)-charged pions (kaons minor)

 Delayed neutrinos from the decay of stopped muons

𝝂
𝝂

𝑁/𝑒

Detector

𝑁/𝑒

ҧ𝜈𝜇

Proton beam

Target

stopped 𝜋+

stopped 𝜇+

𝜈𝜇

𝜈𝑒

𝑒+

 Mean life time of 𝜋+ = 2.6 × 10−8s  ≪ 𝜇s.  

 Neutrino E is single-valued (𝐸𝜈 =
𝑚𝜋
2−𝑚𝜇

2

2𝑚𝜋
~30 MeV)  E-cut

 Mean life time of 𝜇+ = 2.2 × 10−6s > 𝜇s  t-cut

 Neutrinos are more energetic than prompt neutrinos (𝐸𝜈
max =

𝑚𝜇
2−𝑚𝑒

2

2𝑚𝜇
).



COHERENT [1803.09183 & 1804.09459],  JSNS2 [1705.08629] 

delayed ν’s

prompt ν’s

 Prompt ν’s: prompt & narrow 𝑡, 𝐸𝜈 = 29.8 MeV

 ν’s from 𝐾: shorter 𝑡, larger 𝐸𝜈, lower flux

 Delayed ν’s: delayed & broad 𝑡, 

𝐸𝜈 = 0 − 53 MeV



completely

considerably
completely

considerably

e.g. for CsI at COHERENT
[Dutta, Kim, Liao, JCP, Shin, Strigari, PRL (2020)

Energy

T
im

in
g

A B

C D

Prompt 𝜈

Delayed 𝜈 Delayed 𝜈

LDM signal
LDM signal

 A combination of E & t cuts can remove 

SM/NSI 𝜈 BGs.



 Expected unit-normalized t-distributions of DM 

& ν scattering events

 ν events: ν scattering cross sections convolved 

and stacked & collectively unit-normalized.

 With appropriate t-cuts, delayed ν can be 

significantly removed while a large portion of 

DM events are retained. 

[Dutta, Kim, Liao, JCP, Shin, Strigari, Thompson, JHEP (2021)



t-cuts: delayed ν significantly removed & DM events almost retained. 

CsI

LAr

E-cuts: prompt ν (completely) removed & DM events considerably retained. 

Before t-cut                                               After t-cut

[Dutta, Kim, Liao, JCP, Shin, Strigari, Thompson, JHEP (2021)



CCM 
LAr

JSNS2

Gd-LS

t-cuts: delayed ν significantly removed & DM events almost retained. 

E-cuts: prompt ν (completely) removed & DM events considerably retained. 

Before t-cut                                               After t-cut

[Dutta, Kim, Liao, JCP, Shin, Strigari, Thompson, JHEP (2021)



 Assuming no excess is observed, we can constrain parameter space.

 Projected sensitivity (3-year exposure) 

for the dark photon mediator scenario

 Data & information about BGs are 

available for COHERENT, but not for 

CCM & JSNS2

 A different curvature of JSNS2: due to 

𝑚𝑒 ≪ 𝑚𝑉, but 𝑚𝑁 ≫ 𝑚𝑉 for others

 NA64, BaBar: missing 𝐸𝑇

𝑚𝑉

𝑚𝜒
= 3 & 𝛼𝐷 =

𝜅𝐷
𝑉 2

4𝜋
= 0.5

𝑵 𝑵

𝜒 𝜒

𝑉 For COHERENT & CCM

𝒆− 𝒆−

𝜒 𝜒

V For  JSNS2

 COHERENT & CCM JSNS2 : 

Complementary!

[Dutta, Kim, Liao, JCP, Shin, Strigari, Thompson, JHEP (2021)



Boosted Dark Matter

(BDM)



vDM

Scattering
non-relativistic

(<< c)
relativistic

(~c)

elastic Direct detection BDM

inelastic
inelastic DM

(iDM)
iBDM

Very well-studied



vDM

Scattering
non-relativistic

(<< c)
relativistic

(~c)

elastic Direct detection
Boosted DM

(BDM)

inelastic
inelastic DM

(iDM)

Beam dump 
Experiments

This 
Idea



vDM

Scattering
non-relativistic

(<< c)
relativistic

(~c)

elastic Direct detection
Boosted DM

(eBDM)

inelastic
inelastic DM

(iDM)
inelastic BDM

(iBDM)



 Various scenarios: requirements  right DM relic abundance & DM boosting mechanism

Boosted DM coming from the universe

 Multi-component model: [Belanger & JCP, 1112.4491; Kong, Mohlabeng, JCP, 1411.6632; 

Kim, JCP, Shin, 1702.02944; Aoki & Toma, 1806.09154; more] 

 Semi-annihilation model: [D’Eramo & Thaler, 1003.5912]

 Decaying multi-component DM: [Bhattacharya et al., 1407.3280; Kopp, Liu, Wang, 1503.02669; 

Cline et al., 1904.13396; Heurtier, Kim, JCP, Shin, 1905.13223; more]

 High velocity (semi-relativistic) DM

- Anti-DM from DM-induced nucleon decay in the Sun: [Huang & Zhao, 1312.0011]

- Charged cosmic-ray induced BDM: [Bringmann & Pospelov, 1810.10543; Ema, Sala & Sato, 1811.00520;

Cappiello & Beacom, 1906.11283; Dent et al., 1907.03782; 

Jho, JCP, Park & Tseng, 2006.13910; Cho, Choi & Yoo, 2007.04555; more]

- Cosmic-Neutrino-Boosted DM (𝝂BDM): [Jho, JCP, Park & Tseng, 2101.11262]

 More ideas~



Boosted DM coming from the universe

𝜒

𝜒

𝜒

𝑋

𝜒

𝜙

𝜒

 Semi-annihilation model
𝑚𝜒 ≫ 𝑚𝑋

 Decaying multi-component DM 
𝑚𝜙 ≫ 𝑚𝜒

𝜒0

𝜒0

𝜒1

𝜒1

 Multi-component model
𝑚0 ≫ 𝑚1

Large 𝑬𝒌
𝐃𝐌 (monochromatic) due to mass gap

These scenarios need extension of dark sector.

𝐸𝑘
𝜒1 = 𝑚0

𝐸𝑘
χ
= 𝑚𝜙 /2

𝐸𝑘
χ
=
5𝑚𝜒

2 −𝑚𝑋
2

4𝑚𝜒

 Relic component

DM: non-relativistic!

 BDM signal: 

detectable at large 

Vol. DM & neutrino 

detectors



 Various models conceiving BDM signatures

 Source: GC, Sun (capture), dwarf galaxies, etc.

 Mechanism: assisted freeze-out, semi-annihilation, decaying, cosmic-ray induced DM, etc.

 Portal: vector portal, scalar portal, etc.

 DM spin: fermionic DM, scalar DM, etc.

 iBDM-inducing operators: two chiral fermions, two real scalars, dipole moment interactions, etc.

 𝜒2: a heavier (unstable) dark-sector state

 Flavor-conserving elastic scattering (eBDM)

 Flavor-changing inelastic scattering (iBDM)

ℒint ∋ −
𝜖

2
𝐹𝜇𝜈𝑋

𝜇𝜈 + 𝑔11 ҧ𝜒1𝛾
𝜇𝜒1𝑋𝜇 + 𝑔12 ҧ𝜒2𝛾

𝜇𝜒1𝑋𝜇 + ℎ. 𝑐.

𝑋, γ

𝜒1(𝜒2)

𝜒1

𝑔11
(𝑔12, 𝜇χ)



ℒint ∋ (𝜇χ/2) ҧ𝜒2σ
𝜇𝜈𝜒1𝐹𝜇𝜈 + ℎ. 𝑐.

S
M

H
id

d
en𝛾 𝑋

𝜖

[Kim, JCP & Shin, PRL (2017)

Giudice, Kim, JCP, Shin, PLB (2018)]



[D. Kim, JCP, S. Shin (2016)]

𝜒0

𝜒0

𝜒1

𝜒1

𝜒1
(Laboratory)

becomes boosted

(γ1=m0/m1)

(cf. 𝜒𝜒 → 𝛾𝛾, 𝝂𝝂)

𝑒−/𝑝

𝜒1

𝑋∗

𝑔11

𝜖

𝑒−/𝑝

𝑒−

𝑒+

𝜒2

𝑋∗
𝑋(∗)

𝜖
𝜖


𝑔12 𝑔12

𝑝- or 𝑒-scattering (primary) Decay (secondary)

elastic scattering (eBDM) inelastic scattering (iBDM)
[Agashe, Cui, Necib, Thaler (2014); 

Kong, Mohlabeng, JCP (2014)]

 iBDM: 1~3 tracks depending on 𝐸th & 𝑙𝜒2



 Not restricted to primary physics goals

 Opened to other (unplanned) physics opportunities

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



We, for the first time, pointed out that DM direct detection experiments

including XENON1T would be sensitive enough to energetic e-recoils 

induced by BDM by pumping up the BDM flux: e.g.                                   .

 COSINE-100: First official direct search for iBDM [COSINE-100, 1811.09344] 

ℱ𝜒1 ∝
𝜎𝑣 𝜒0𝜒0→𝜒1𝜒1

𝑚0
2

[G. Giudice, D. Kim, JCP, S. Shin, 1712.07126] 



 Energetic cosmic-ray-induced 

BDM: energetic cosmic-rays 

kick DM (large 𝐸𝑒±,𝑝±,𝜈,…

large 𝐸𝜒)

 Efficient for Light DM

𝝌

𝑒±, 𝑝±, 𝜈, …

𝜒

𝑒±, 𝑝±, 𝜈, …

𝜒





Cosmic-Ray-Induced BDM



𝑒±, 𝑝±, 𝜈, …

𝜒

𝑒±, 𝑝±, 𝜈, …

𝜒





 Energetic cosmic-ray-induced BDM: cosmic-rays kick DM (large 𝐸𝑒±,𝑝±,𝜈,… )

 Interactions between DM & SM particles

 Couplings to proton: [Bringmann & Pospelov, 1810.10543; Dent et al., 1907.03782]

 Couplings to electron: [Ema, Sala & Sato, 1811.00520]

 Couplings to p & e: [Cappiello & Beacom, 1906.11283; Cho, Choi & Yoo, 2007.04555]

 Couplings to leptons (e & 𝝂): [Jho, JCP, Park & Tseng, 2006.13910 & 2101.11262]

Calculation of BDM E-spectrum: quite similar even with different types of cosmic rays 

Except the neutrino-induced case! 

Large 𝑬𝒌
𝝌
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𝑬𝒌
𝑪𝑹 transfer



𝑖 = 𝑒±, 𝑝±, …

𝜒

𝑒±, 𝑝±, …

𝜒





 Charged-cosmic-ray-induced BDM: charged cosmic-rays kick DM (large 𝐸𝑒±,𝑝±,… )

Large 𝑬𝒌
𝝌

due to 

𝑬𝒌
𝑪𝑹 transfer

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

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

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

𝜌𝜒: the relic density of 𝜒 in the galaxy

𝑑Φ𝑖
LIS/𝑑𝐾𝑖: the local interstellar differential flux of the cosmic-ray particle i

𝐾𝑖
min: the minimum kinetic energy of the cosmic-ray particle i

𝑑Φ𝜒

𝑑𝐾𝜒
=

1

4𝜋
න𝑑Ω න

l.o.s.

𝑑𝑠 (
𝜌𝜒(𝑟(𝑠, 𝜃))

𝑚𝜒
) න

𝐾𝑖
min

∞

𝑑𝐾𝑖
𝑑𝜎𝑖𝜒→𝑖𝜒(𝐾𝑖)

𝑑𝐾𝜒

𝑑Φ𝑖
LIS

𝑑𝐾𝑖
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Large 𝑬𝒌
𝝌

due to 

𝑬𝒌
𝝂 transfer

[Jho, JCP, Park & Tseng, 2101.11262] 

 Cosmic-𝝂-induced BDM (𝝂BDM ): cosmic neutrinos kick DM (large 𝐸𝝂)

 DM-𝝂 interaction Non-relativistic halo DM 

can be boosted by 𝝂’s from stars in the 

galaxy.

𝜱𝝂 ≫ 𝜱𝒆,𝒑

𝝂

𝝂 𝝂
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𝝂

𝝂
𝝂

𝝂

𝝂

𝝂

𝝂

𝝂

𝝂

𝝂

𝝂



 BDM production by 𝜈 from a star

 BDM flux by 𝜈’s from a Sun-like star

Neutrino emission rate for a Sun-like star

Variances of stellar properties from Sun

Attenuation due to propagation

Scattering angle via kinematic relations

[Jho, JCP, Park & Tseng, 2101.11262] 



 BDM production by 𝜈 from a star

 BDM flux by 𝜈’s from Sun by taking Ԧ𝑥 − Ԧ𝑦 = 𝐷⊙

Sun provides the largest 𝜈 flux to Earth, 

but only small volume of nearby DM halo comprised the BDM flux.

 Entire stellar contributions in the galaxy:  

[Jho, JCP, Park & Tseng, 2101.11262] 



 BDM fluxes by solar/star neutrinos & 

cosmic electrons

 BDM fluxes for different mediator & 

DM masses 

 𝝂BDM ~ 103 ×BDM by solar 𝜈

 𝝂BDM ~ 102−4 ×CeBDM for 𝐾𝐷𝑀 ≲

50 keV

Solar/star neutrinos can very efficiently boost light DM (≲ 10 MeV)!

[Jho, JCP, Park & Tseng, 2101.11262] 

 𝝂BDM (solid) vs. CeBDM (dashed) 



Dominant contribution: 

𝝂 & DM populated regions

 e.g., Galactic Center

 Extra-galactic(EG) contribution to the νBDM flux 

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



 Extra-galactic(EG) contribution to the νBDM flux 

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

 Extra-galactic(EG) contribution to the νBDM flux 

Each galaxies can 
be sources of BDM



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

 XENON1T: mostly better limits (lower 𝐸th)

 JUNO: competitive upper limits (less attenuation) & better limits for heavier 𝑚𝑋

with lighter 𝑚DM (high flux even for 𝐾DM~𝑂(100 keV)) 

 Experimental status



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

 Experimental status

Heavy mediator: 𝐹𝐷𝑀 = 1

 𝜈BDM+CRe-BDM contributions to XENON1T/JUNO e-recoils

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

the 𝜈BDM provides stringent constraints on unexplored parameter space for light 

DM (≲ MeV)  



P. Machado, D. Kim, JCP & S. Shin [2003.07369]

 Many existing/upcoming 

experiments are potentially 

capable of testing models 

conceiving BDM

 Additional physics 

opportunity on top of the 

main mission of each 

experiment



P. Machado, D. Kim, JCP & S. Shin [2003.07369]

Detectors are complementary to one another rather than superior to the other!



 Particle physics: to find fundamental interactions and elements

 DM: clear sign of new physics (particle) beyond the Standard Model

 Nature of DM: one of the most important problems in the 21th century!

DM

Direct

Detection

Collider
Indirect

Detection

New 
Method?

Thank you~!!


