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Boosted Dark Matter
Dark Matter particle with sufficient kinetic energy 

Multi-component DM

Scattering by High-Energy Particle

Semi-annihilation

SM
ω

SM

ω

Cosmic-Ray e, p, , …ν
(Blazar Jet, Stars, 

Supernovae, PBHs, 
etc)

Particle Model

Astrophysical 
Source

Note: Throughout this talk, we denote DM as ψ
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M. Cirelli, A. Strumia, J. Zupan  
arXiv:2406.01705v3

For virialized DM, only sufficiently 
heavy DM deposits recoil energy  

above the detector threshold.
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Note: ,  are used in the graphvmax ≈ 776 km/s mT = m(131Xe) ≈ 122 GeV
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Boosted Dark Matter from Semi-annihilation

• Single Component DM is enough for semi-annihilation


• Less uncertainty in the BDM flux 


• Monochromatic kinetic energy distribution

 can be SM species!ϕ

Because of its simplicity, 
BDM from semi-annihilation 
and its phenomenological 

applications have been 
widely studied
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F. D'Eramo, J. Thaler 1003.5912 / M. Aoki, T. Toma 1405.5870  
G. Arcadi, F. S. Queiroz, C. Siqueira 1706.02336  / A. Kamada, H. J. Kim, H. Kim, T. Sekiguchi 1707.09238 

F. S. Queiroz, C. Siqueira 1901.10494 / R. Primulando, J. Julio, P. Uttayarat 2006.13161  
P. Ko, Y. Tang 2006.15822 / S. Chigusa, M. Endo, K. Kohri 2007.01663 

A. Ghosh, D. Ghosh, S. Mukhopadhyay 2103.03650 / T. Toma 2109.05911  
T. Miyagi, T. Toma 2201.05412 / P. Bandyopadhyay, D. Choudhury, D. Sachdeva 2206.05811 

M. Frigerio, N. Grimbaum-Yamamoto, T. Hambye 2212.11918 / J. Guo, J. Zhao 2306.14091  
M. Aoki, T. Toma  2309.00395 / B. Kamenetskaia, M. Fujiwara, A. Ibarra, T. Toma 2501.12117 
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And much more!
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Boosted Dark Matter from Semi-annihilation

What’s the matter? 

Almost every studies on semi-ann BDM model simply ‘assumes’  

an additional semi-ann process and analyze the BDM flux/detection rate 

This may be misleading:  
because the BDM flux and detection rate are highly correlated with other 
phenomenological quantities so they must be analyzed simultaneously

F. D'Eramo, J. Thaler 1003.5912 / M. Aoki, T. Toma 1405.5870  
G. Arcadi, F. S. Queiroz, C. Siqueira 1706.02336  / A. Kamada, H. J. Kim, H. Kim, T. Sekiguchi 1707.09238 

F. S. Queiroz, C Siqueira 1901.10494 / R. Primulando, J. Julio, P. Uttayarat 2006.13161  
P. Ko, Y. Tang 2006.15822 / S. Chigusa, M. Endo, K. Kohri 2007.01663 

A. Ghosh, D. Ghosh, S. Mukhopadhyay 2103.03650 / T. Toma 2109.05911  
T. Miyagi, T. Toma 2201.05412 / P. Bandyopadhyay, D. Choudhury, D. Sachdeva 2206.05811 

M. Frigerio, N. Grimbaum-Yamamoto, T. Hambye 2212.11918 / J. Guo and J. Zhao 2306.14091  
M. Aoki, T. Toma  2309.00395 / B. B. Kamenetskaia, M. Fujiwara, A. Ibarra, T. Toma 2501.12117 

J. Davighi, S. Moldovsky, H. Murayama, C. Scherb, N. Selimovic 2506.05468 / M. Fujiwara, T. Toma 2606.02751 
And much more!

Only a few work address this point
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The Goal of This Work

BDM Detection

Elastic scattering  
cross-section BDM Flux

DM Relic

DM annihilation 
cross-section

DM semi-annihilation 
cross-section

By-product Flux Indirect Detection Signal

• Explain the link:  
how the quantities are 
correlated in semi-annihilating 
BDM models


• Present how semi-annihilating 
models should be analyzed. 
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The Goal of This Work

BDM Detection

Elastic scattering  
cross-section BDM Flux

DM Relic

DM annihilation 
cross-section

DM semi-annihilation 
cross-section

By-product Flux Indirect Detection Signal

• Explain the link:  
how the quantities are 
correlated in semi-annihilating 
BDM models


• Present how semi-annihilating 
models should be analyzed. 

Main Goal!
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The BDM Detectability
The Primary Object on Any BDM Model

Differential Rate per target mass
<latexit sha1_base64="eCKy9blolY5FpDwIaEwZPsDj+qM="></latexit>
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dEK
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dER
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<latexit sha1_base64="7nVpfDaRlZWsig7STDDzQDIfkqM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1WVRBMFNBfuAJoTJZNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostHrgwuGce7n3Hj9hVCrL+jJqK6tr6xv1zcbW9s7unrl/MJBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7sq/eEDEZLG/F5lCXEjNOE0pBgpLXlm0wkFwnng9Ka0yINr77ZoeGbLaltzwL/ErkgLVOh55qcTxDiNCFeYISnHtpUoN0dCUcxI0XBSSRKEZ2hCxppyFBHp5vPjC3islQCGsdDFFZyrPydyFEmZRb7ujJCaymWvFP/zxqkKL9yc8iRVhOPFojBlUMWwTAIGVBCsWKYJwoLqWyGeIp2G0nmVIdjLL/8lg9O23Wl37s5a3csqjjo4BEfgBNjgHHTBDeiBPsAgA0/gBbwaj8az8Wa8L1prRjXTBL9gfHwDX6+Umg==</latexit>
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dEK
Differential Flux

<latexit sha1_base64="LYbNRG9PUpatRTU0XaIf+B6UDoA="></latexit>
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1
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1

4ω
→εv↑sa

dN

dEK
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d”
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l.o.s
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ϑMW
ω

mω

]︄2

=
→εv↑sa
8ωm2

ω

dN

dEK
J

For semi-ann DM with ψψ → ψϕ
<latexit sha1_base64="jx1bf9FYUTlhQ0UvfMKMXGxZ+Bw="></latexit>

dN

dEK
= ω

)︄
EK →

5m2
ω →m2

ε

4mω

[︄

<latexit sha1_base64="8mIP7xUrWozWsyKJSYCiB/wWgaU="></latexit>

1

mT

dR

dER
→ 3.2↑ 10→3

mT

)︄
100MeV

mω

[︄2 )︄ ↓ωv↔sa
10→26 cm3s→1

[︄
dωel

dER

]︄]︄]︄]︄
EK=Ef

cm2 s→1

Event rate depends on 

• DM mass

• Semi-ann cross-section

• Elastic scattering cross-section

BDM Detection

Elastic 
scattering BDM Flux
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The BDM Detectability
The Primary Object on Any BDM Model

Hidden Factor: Relic Density!

DM mass distribution  is 
grounded on the current relic 

density:  

ρMW
ψ

Ωh2 ≈ 0.12

BDM Detection

Elastic 
scattering BDM Flux

DM Relic

Differential Rate per target mass
<latexit sha1_base64="eCKy9blolY5FpDwIaEwZPsDj+qM="></latexit>
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<latexit sha1_base64="7nVpfDaRlZWsig7STDDzQDIfkqM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1WVRBMFNBfuAJoTJZNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostHrgwuGce7n3Hj9hVCrL+jJqK6tr6xv1zcbW9s7unrl/MJBxKjDp45jFYuQjSRjlpK+oYmSUCIIin5GhP7sq/eEDEZLG/F5lCXEjNOE0pBgpLXlm0wkFwnng9Ka0yINr77ZoeGbLaltzwL/ErkgLVOh55qcTxDiNCFeYISnHtpUoN0dCUcxI0XBSSRKEZ2hCxppyFBHp5vPjC3islQCGsdDFFZyrPydyFEmZRb7ujJCaymWvFP/zxqkKL9yc8iRVhOPFojBlUMWwTAIGVBCsWKYJwoLqWyGeIp2G0nmVIdjLL/8lg9O23Wl37s5a3csqjjo4BEfgBNjgHHTBDeiBPsAgA0/gBbwaj8az8Wa8L1prRjXTBL9gfHwDX6+Umg==</latexit>

d!

dEK
Differential Flux
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For semi-ann DM with ψψ → ψϕ
<latexit sha1_base64="jx1bf9FYUTlhQ0UvfMKMXGxZ+Bw="></latexit>
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Relic Density of BDM
Boltzmann Equation for semi-annihilating DM

<latexit sha1_base64="DXNDjLfF+LC+Qq0RVK9JLTP3PeQ="></latexit>

dY

dx
= →

)︄
8ω2

45
Mpl

g→s(T )[︄
g→(T )

]︄
1 +

T

3g→s(T )

⌊︄
mω

x2

⌋︄
↑εv↓ann(Y 2 → Y 2

eq) + ↑εv↓saY (Y → Yeq)
⌈︄

Reproducing the observed relic 
density requires a suitable 

combination of the annihilation and 
semi-annihilation cross-sections.

Q. Do we even need another annihilation?

<latexit sha1_base64="FUCeeXC1jbyLrL5npFg3O/YgzdQ="></latexit>

→ωv↑ann =
1

2
(→ωv↑ωω→ann + →ωv↑ωω̄→ann) , →ωv↑sa =

1

4
(→ωv↑ωω→ωε + 2→ωv↑ωω̄→ωε)

DM Relic

DM ann DM semi-ann
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The Annihilation of semi-annihilating DM model
BDM Model aiming at direct detection naturally implies an annihilation channel

Possible Exception: electrophobic & lighter than pion

ω

f

ω

f

↭

ω

ω

f

f̄

!
!

Detection

ω

f

ω

f

↭

ω

ω

f

f̄

!
!

ω

f

ω

f

↭

ω

ω

f

f̄

!
!

Annihilation
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The Annihilation of semi-annihilating DM model
Sufficient annihilation is also required for enhancing the visibility of BDM

Differential Rate per target mass
<latexit sha1_base64="eCKy9blolY5FpDwIaEwZPsDj+qM="></latexit>
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ω
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Annihilation

Annihilation and  share the 
same underlying amplitude!

σel

<latexit sha1_base64="XVHGFBLt2wI0wprtWsI/pl+ojZI="></latexit>

dR

dER
→ Bω→f ↑ωv↓sa(ωv)ann

Naive relation

Elastic scattering  
cross-section

DM annihilation 
cross-section
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The Goal of This Work

BDM Detection

Elastic scattering  
cross-section BDM Flux

DM Relic

DM annihilation 
cross-section

DM semi-annihilation 
cross-section

By-product Flux Indirect Detection Signal

• Explain the link:  
how the quantities are 
correlated in semi-annihilating 
BDM models


• Present how semi-annihilating 
models should be analyzed. 

Direct Detection

DM Relic

Semi-annihilating model’s 
intrinsic signature
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The Boosted By-product
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BDM

by°product

Always have greater kinetic energy than BDM

+ Additional flux from annihilation


No reason for ignoring them

ω

ω

ε

ε

Semi-annihilation

Annihilation

By-products!
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Summary of Flow

BDM Detection

Elastic scattering  
cross-section BDM Flux

DM Relic

DM annihilation 
cross-section

DM semi-annihilation 
cross-section

By-product Flux Constraint 2: 
Indirect Detection Signal

5 6

Constraint 3: 
Model dependent 

Constraints

7

41

Constraint 1:  
Relic Density Analysis

2 3
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Summary of Flow

BDM Detection

Elastic scattering  
cross-section BDM Flux

DM Relic

DM annihilation 
cross-section

DM semi-annihilation 
cross-section

By-product Flux Constraint 2: 
Indirect Detection Signal

5 6

Constraint 3: 
Model dependent 

Constraints

7

41

Constraint 1:  
Relic Density Analysis

2 3

Example Follows!

Spoiler

Semi-ann BDM model’s main advantage:  

Single component DM setup seems hard to realize in a realistic model 
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Example Model
Simplified version of M. Aoki and T. Toma’s Model (arXiv:1405.5870)

<latexit sha1_base64="79BKhwbpSaFiNG6C9qHFgUwKeS4="></latexit>

LN = ω̄(iεµ
ϑµ →mω)ω + |Dµϖ|2 + |ϑϱ|2 +

)︄
y
ε

i
ϖω̄PLLi +

yω

2
ϱω̄cω + h.c.

[︄
→ V (H, ϖ,ϱ)

V (H, ϖ,ϱ) = µ
2
H
|H|2 + µ

2
ϑ
|ϖ|2 + µ

2
ϖ
|ϱ|2 + ς1

4
|H|4 + ς2

4
|ϖ|4 + ςϖ

4
|ϱ|4

+ ς3|H|2|ϖ|2 + ς4(H
†
ϖ)(ϖ†H) + ςHϖ|H|2|ϱ|2 + ςϑϖ|ϖ|2|ϱ|2 +

]︄
µ
→
ϖ
(H†

ϖ)ϱ† +
µ
→→
ϖ

3!
ϱ
3 + h.c.

⌊︄

Semi-annihilation process

Higgs SSB
<latexit sha1_base64="qatnoqiEOpYvcAUglB45/lcmLUA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkpSpHosiuCxomkLbSyb7aZdupuE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ58ecKW3b31ZuZXVtfSO/Wdja3tndK+4fNFWUSEJdEvFItn2sKGchdTXTnLZjSbHwOW35o6up33qkUrEovNfjmHoCD0IWMIK1kR66UqA7t1w97aXXrUmvWLIr9gxomTgZKUGGRq/41e1HJBE01IRjpTqOHWsvxVIzwumk0E0UjTEZ4QHtGBpiQZWXzq6eoBOj9FEQSVOhRjP190SKhVJj4ZtOgfVQLXpT8T+vk+jgwktZGCeahmS+KEg40hGaRoD6TFKi+dgQTCQztyIyxBITbYIqmBCcxZeXSbNacWqV2u1ZqX6ZxZGHIziGMjhwDnW4gQa4QEDCM7zCm/VkvVjv1se8NWdlM4fwB9bnD/hckYo=</latexit>

SU(2)EW
<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω
<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>ω

<latexit sha1_base64="WvfhfYEsQkO0vs3CtkdP1Qvrp9g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0YEiG1ZpX9xZw/xK/IDUo0BpWPwejmKaSKaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1QRyUyQLW6du2dWGblRrG0pdBfqz4mMSGNmMrSdkuDErHq5+J/XTzG6DjKukhSZostFUSpcjN38cXfENaMoZpYQqrm91aUToglFG0/FhuCvvvyXdC7qfqPeuL+sNW+KOMpwAqdwDj5cQRPuoAVtoDCBJ3iBV0c6z86b875sLTnFzDH8gvPxDQx0jkM=</latexit>ω

Role VEV
DM Singlet -

Additional Scalar Singlet 0
Additional Scalar Doublet: 0

<latexit sha1_base64="OD1n4mF2EykEMEi+5sG5ctEiOTI=">AAACBHicbZBNS8MwGMfT+TbnW9XjLsEhTITRikxBhKEXjxP2Bms30izbwtK0JKkwyg5e/CpePCji1Q/hzW9j2vWgmw+E/Pj/n4fk+Xsho1JZ1reRW1ldW9/Ibxa2tnd298z9g5YMIoFJEwcsEB0PScIoJ01FFSOdUBDke4y0vclt4rcfiJA04A01DYnroxGnQ4qR0lLfLDpEIXgNy8ndO4XOFUzJOuk1+mbJqlhpwWWwMyiBrOp988sZBDjyCVeYISm7thUqN0ZCUczIrOBEkoQIT9CIdDVy5BPpxukSM3islQEcBkIfrmCq/p6IkS/l1Pd0p4/UWC56ifif143U8NKNKQ8jRTiePzSMGFQBTBKBAyoIVmyqAWFB9V8hHiOBsNK5FXQI9uLKy9A6q9jVSvX+vFS7yeLIgyI4AmVggwtQA3egDpoAg0fwDF7Bm/FkvBjvxse8NWdkM4fgTxmfP0PTlfQ=</latexit>

ω = (ω+ ω0)T

ω

ω

ω

ε

ϑH,L

ω

ω

ω

ε

ϑH,L

<latexit sha1_base64="1SriiTZaD9PgItFGJ/8HnL5NygU="></latexit>)︄
ω0

ε

[︄
=

)︄
cω sω
→sω cω

[︄)︄
ϑH

ϑL

[︄

Build the Model
0
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Example Model
Simplified version of M. Aoki and T. Toma’s Model (arXiv:1405.5870)

<latexit sha1_base64="79BKhwbpSaFiNG6C9qHFgUwKeS4="></latexit>

LN = ω̄(iεµ
ϑµ →mω)ω + |Dµϖ|2 + |ϑϱ|2 +

)︄
y
ε

i
ϖω̄PLLi +

yω

2
ϱω̄cω + h.c.

[︄
→ V (H, ϖ,ϱ)

V (H, ϖ,ϱ) = µ
2
H
|H|2 + µ

2
ϑ
|ϖ|2 + µ

2
ϖ
|ϱ|2 + ς1

4
|H|4 + ς2

4
|ϖ|4 + ςϖ

4
|ϱ|4

+ ς3|H|2|ϖ|2 + ς4(H
†
ϖ)(ϖ†H) + ςHϖ|H|2|ϱ|2 + ςϑϖ|ϖ|2|ϱ|2 +

]︄
µ
→
ϖ
(H†

ϖ)ϱ† +
µ
→→
ϖ

3!
ϱ
3 + h.c.

⌊︄

DM couples only to the electron (among leptons) - 
for simplicity and to evade LFV constraints

li lj

ω

ε

ϑ+

Example of LFV

Total seven parameters for DM relic:  
 (DM mass),  (semi-ann mediator masses), ,  (Mixing angle), ,  mψ mϕL,H

m+
η α yν yψ

Build the Model
0



19

Relic Density Parameter Scan
First Constraint on parameters

Parametric Estimate

We take this relation as a guide for setting the scan ranges.  
A Monte-Carlo scan then maps out  

which regions of the parameter space remain viable.

<latexit sha1_base64="Nw9UWuXBgU33uuQg9D5rxY8egh0="></latexit>

→ωv↑ann + →ωv↑sa ↓ y4ω
64ε

m2
ε

m4
ϑH

)︄
(s2ϖm

2
ϑH

+ c2ϖm
2
ϑL

)2

m4
ϑL

+
m4

ϑH

m4
ϱ+

+
729

64

y2ε
y2ω

s2ϖc
2
ϖ(m

2
ϑH

↔m2
ϑL

)2

m4
ϑL

[︄
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BDM Detectability
Two kinds of the targets: electron and nucleus
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(One-loop suppressed but still 
comparable to electron target)
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BDM Detectability: Few Remarks 
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Before considering other bounds

Maximum detectability when 
semi-ann and annihilation 

cross-section are comparable!
Low mass region:  

No parameter space for 


DM semi-ann dominates its relic for low mass region

⟨σv⟩sa ∼ ⟨σv⟩ann

BDM detectability is too low  
even before excluding 
experimental bounds

High mass region:  
Both  and 

hierarchical regimes are available: 
Good parameter regime for test 

⟨σv⟩sa ∼ ⟨σv⟩ann

BDM Detection

7
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Boosted By-product
Boosted Neutrino!

10→2 10→1 100 101

neutrino energy Eν [GeV]

10→28

10→27

10→26

10→25

10→24

10→23

10→22

〈σ
v
〉 ν
ν̄
[c
m
3 /
s]

thermal relic 3× 10→26

Boosted-neutrino Signals vs Galactic ψψ̄ → νν̄ Bounds

annihilation signal

semi-annihilation signal

SK exclusion

JUNO

HK

Significant neutrino flux from semi-annihilation

Constraint 2: 
Indirect Detection Signal

2 3
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Model Specific Bounds
Bound from ψψ̄ → e+e−
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Indirect-detection Bounds on ψψ̄ → e+e→ (s-wave)
CMB Planck2018

INTEGRAL/SPI e+e−

511 keV

eROSITA

COMPTEL
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Fermi

excluded

relic-satisfying points

Strong bounds from CMB anisotropy

Constraint 3: 
Model dependent 

Constraints

4



24

Model Specific Bounds
Bound from Collider
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Charged LEP
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h → γγ

Limit from : e+e− → η+η−

mη+ ≳ 70 GeV
<latexit sha1_base64="XWgFBXq2wIT4lYeb7CmwidcxDAs="></latexit>

|ω3| ↭ O(1) (mω±/100 GeV)2

h

ω

ω

ε+

ε+

ε+

h

ωH,L, etc

ωH,L, etc
ω

e→

ω

e→

ε→

Note: Gray region is approximate bound.  
Some points within the gray region survive due to their low branching ratios.
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Model dependent 
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BDM Detectability
Two kinds of the targets: electron and nucleus
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(One-loop suppressed but still 
comparable to electron target)
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BDM Detectability
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How phenomenological bounds carve BDM detectability

Before excluding experimental bounds

BDM Detection
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BDM Detectability
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How phenomenological bounds carve BDM detectability
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Few survivors with lower detectability!

BDM Detection
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• Boosting Dark matter via semi-annihilation is well motivated due to its 
simplicity.  
But the general methodology for analyzing Semi-ann BDM model has not 
been developed.


• We argue careful analysis is needed for the semi-ann BDM model. 
In particular, their annihilation and by-product detectability are important. 


• We apply our methodology to a simple model with  
There, the neutrino signal outpaces the BDM signal, suggesting that a 
realistic semi-annihilating BDM model is not easy to construct.

ψψ → ψcν

28 28

Conclusion

Thank You For Your Attention!



29 29

Backup



Kinematics

30

Lighter DM at the sub-GeV scale is 
hard to detect with conventional 

techniques!

Detector Threshold list

XENONnT LUX-ZEPLIN PandaX-4T
NR 3.3 keV 5.4 keV 1.1 keV
ER 0.5 keV 0.9 keV ~1 keV
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The Boosted By-product
Which kinds of by-product are possible? 

Bosonic DM - Bosonic EM neutral by-product (which could be off-shell)

• Additional Dark Species - (Multi-component DM model)


• SM option 1: off-shell . (  seems not plausible.)  
 In this option, semi-ann of sub-GeV DM should be  process! 

Monochromatic BDM Energy spectrum  is no more valid!


• SM option 2: EM neutral mesons (  etc) 
 DM mass must be greater than 

h, Z γ, g
→ 2 → 3

<latexit sha1_base64="jx1bf9FYUTlhQ0UvfMKMXGxZ+Bw="></latexit>

dN

dEK
= ω

)︄
EK →

5m2
ω →m2

ε

4mω

[︄

π0

→ mπ0
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The Boosted By-product
Bosonic semi-ann BDM to SM induce energetic secondary photon!

ω

ω

ε

ω

ϑo!
ω

q
q̄

ω

ω

ω

e

e

h

Secondary photon from  
boosted charged particle in galactic media

Secondary photon from neutral pion decay
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The Boosted By-product
Which kinds of by-product are possible? 

Fermionic DM - Fermionic EM neutral by-product

• Additional Dark Species - (Multi-component DM model)

• SM option: exclusively neutrino 

To respect  symmetry, three options


• Option 1: DM charged under  (Seems not good)


• Option 2: mediator coupled to DM & neutrino charged under   
(at least two mediators, each  singlet and doublet required)


• Option 3 : DM interact with right-handed neutrino. 

SU(2)L

SU(2)L

SU(2)L
SU(2)L

ω

ω

ω

εL

ϑ1 ϑ2

Singlet

Singlet

Singlet

Doublet

Doublet

Singlet
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Comparison
Boosted DM vs Boosted Neutrino
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In this example model, BDM is produced but by-product is far more visible!


