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● Dark matter dominates the formation & evolution of our 
Universe.

Cosmic Energy Budget

● What’s the nature of dark matter?
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Major ways of detecting DM
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Indirect Detection of DM

● Can have unique peak structure.

● Can point back to the sources, especially gamma.

● Various observations & excesses.

● Have various detectable signals.

● Large bulk of DM.
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Persistent MeV Line

J. Va’vra [arXiv:1304.0833]

see also Prantzos et al [arXiv:1009.4620]
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Direct Detection

APPEC Committee Report [2104.07634]
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Boosting recoil with mass

● Elastic Scattering

● Fermionic absorption

Dror, Elor, McGehee & Yu [2011.01940] See also Dror, Elor & McGehee 
[1905.12635, 1908.10861]

Suppressed!

Extend the sensitive mass window down to at least MeV range.
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Kinematics of Absorption DM

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]

SFG, Pedro Pasquini, Jie Sheng [JHEP 05 (2022) 088]
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Visible & Invisible Decays

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]Dror, Elor, McGehee & Yu [2011.01940]
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Astro Observations

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]

● Galactic ● Extra-Galactic

HXMT-
Insight
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Astro Constraints

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]

● Mono-energetic γ ● Continuous Spectrum
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Constraints from Astro & Cosmo

SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Forbidden DM

D'Agnolo & Ruderman, Phys.Rev.Lett. 115 (2015) 6, 061301 [1505.07107]

Forbidden by kinematics: 
DM is lighter than final 
SM particles
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Velocity Scaling @ Black Holes
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Gamma Fluxes

➢ Forbidden channel

Isotropic in the C.O.M. frame

➢ Signal channel

Box-shaped spectrum in C.O.M.
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Fitting the Fermi-LAT data

Background Model:

Aug/4, 2008
~

Oct/26, 2022
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Sensitivity Plots

● Bkg-only hypothesis ● 1st Peak @ 6.6GeV

● 2nd Peak @ 141GeV
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Summary

1) Advantages of indirect detection

Thank You

● Can have unique peak structure.

● Can point back to the sources, especially gamma.

● Various observations & excesses.

● Have various detectable signals.

● Large bulk of DM.

2) Fermionic absorption DM

3) Reactivate forbidden DM

● Mono-energetic & continuous spectrum.

● Point source.
● Characteristic peak.
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Backup Slides
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PandaX-4T & Lepton Colliders

SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [arXiv:2306.00657]
Collider searches probe the 
dark sector, not just DM
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K-Shell Electron Capture for ν

1942 – Kan Chang Wang proposed using K-shell 
electron capture for detecting neutrino

Kan Chang Wang, A Suggestion on the Detection of the Neutrino, Phys. Rev., 61, 97 (1942)

Kan Chang Wang, Proposed Methods of Detecting the Neutrino , Phys. Rev., 71, 645-646 (1947)
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How to test Forbidden DM?

● Boltzmann Distribution

● Juttner Distribution

Bozorgnia et al. 
1601.04707
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DM Profiles
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《 Physics Letters A》
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