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Evidences of Dark Matter A g 45
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Cosmic Energy Budget A @Ry
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Free Hydrogen

\Dark Matter Neutrinos
-' 27% 0.3%

Dark Energy
69%

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

® What'’s the nature of dark matter?
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Major ways of detecting DM A d AT
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Indirect Detection of DM A EHEy
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® Have various detectable signals.

® L arge bulk of DM.

® Can have unique peak structure.

® Can point back to the sources, especially gamma.

® Various observations & excesses.
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Persistent MeV Line A g5
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see also Prantzos et al [arXiv:1009.4620]
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Direct Detection A g Mgy
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Boosting recoil with mass

® Elastic Scattering

dm.my
+ N/e —= x+ Nle E, ~ X T
X / X / (mX‘I_mN)2 X
2 2
~ X 1;2 Suppressed!
my X

® Fermionic absorption

2
m
X+e—v+te B, ~ —X m, ~ O(10) keV
2M
Dror, Elor, McGehee & Yu [2011.01940] See also Dror, Elor & McGehee

[1905.12635, 1908.10861]

Extend the sensitive mass window down to at least MeV range.
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Kinematics of Absorption DM A T
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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
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Astro Observations
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Astro Constraints
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Constraints from Astro & Cosmo
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SFG, Xiao-Gang He, Xiao-Dong Ma, Jie Sheng [JHEP 05 (2022) 191]
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Forbidden DM AT
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1) forbidden annihilations: SRR
| My < Moy
ET - AVAVAVAVAW ﬁ;’d I EDELWEISS (Surf)
E NEWS-G
I : DAMA{T\a\H( DAMA/I
n % \w‘ o osmE- 10
II- 4 Y 2 uper 5
W d 2 \ : SEDELD‘; pEAP-3600 D“N\L
2 ‘ ——— XENON
@) 5 ON\
2 Vo2 __ =
( YaYd ) ad/myd 0%
l 10—50 Ill | I JIIIIII | | IIIlIIl I_‘_Ill‘_lillll I 1 IIIIlIl 1 L1 11111l .
0.1 0305 1 3 5 0 30 50 100 300 1000 3000 10
WIMP mass [GeV/c’]
2
(n X g
_ e ¢ ,=24x ; . .
(oxzv) = o0 <"mm ) = 8y my £ Forbidden by kinematics:
(”w DM is lighter than final

SM particles

D'Agnolo & Ruderman, Phys.Rev.Lett. 115 (2015) 6, 061301 [1505.07107]
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Velocity Scaling @ Black Holes  [itiERs
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Gamma Fluxes A g5
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Fitting the Fermi-LAT data A @
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Sensmwty Plots
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® Bkg-only hypothesis
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Summary A @Ry
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1) Advantages of indirect detection
® Large bulk of DM.

® Have various detectable signals.
® Can have unique peak structure.

® Can point back to the sources, especially gamma.

® Various observations & excesses.

2) Fermionic absorption DM

® Mono-energetic & continuous spectrum.
3) Reactivate forbidden DM

® Point :
® szai(t):r::ic peak. Than k YO U
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PandaX-4T & Lepton Colliders A @Ry
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Collider searches probe the
dark SECtOI‘, not jUSt DM SFG, Kai Ma, Xiao-Dong Ma, Jie Sheng [arXiv:2306.00657]
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K-Shell Electron Capture for v Rt LEas
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1942 — Kan Chang Wang proposed using K-shell
electron capture for detecting neutrino
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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

Vg :[()SFG

® Juttner Distribution
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DM Profiles A g5
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Aims & Scope

® Nonlinear science,
PHYSICS ]_ETTERS A ® Statistical physics,
® Mathematical and computational physics,
® AMO and physics of complex systems,

® Plasma and fluid physics,

® Optical physics,

® General and cross-disciplinary physics,

® Biological physics and nanoscience,

llAstrophysics, Particle physics and Cosmologys
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