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Dark Matter Problems

2006

1980

IF GR is correct, 
it will be difficult 

to explain the 
universe without 
DM assumption. 

More and more dSphs were found!

1933->1965



We learn from N-body simulation：
DM must be matter and everywhere!

We also learn from particle physics：
If DM is matter, 

DM particles must be able to 
be identified in the lab!



What is the 
DM-SM 

interaction 
strength? 
How is possible 

that no interaction 
between 1e-6 and 

1e-39?
If new interaction 

greater than Gravity...

Collisional or 
Collisionless?



Blue for CDM!



DM particle model Experimental data

Similarity to Bayesian theory

Model parameters



The belief (prior) of the thermal DM “Miracle”

• Belief 1: DM cannot strongly couple to SM 
atoms, otherwise we have seen it already.

• Belief 2: The early universe (T>m) was at 
very high temperature and thermal 
equilibrium. 

• BBN is successful theory.
• We can learn DM nature from its relic density.  



Thermal dark matter



s- and p-wave
2GeV< mx

s-wave unitarity 
mx<200 TeV

Three exceptions
1. Resonance.
2. Forbidden DM.
3. Coannihilation.



Thermal dark matter

Heat transfer 
can be via the 

green or 
red+blue.



To be detectable, the parameter 
space shall be confined!!!

1. s-wave
2. p-wave
3. Resonance.
4. Forbidden DM.
5. Coannihilation.
6. Secluded DM

excluded by colliders, 
DD, and ID

Matsumoto, Mukhopadhyay, Tsai (JHEP), 1407.1859 

Thermal dark matter



Lower energy or 
higher exposure?

Way I (Today’s talk)

Low mass ?

• p-wave
• Resonance
• Forbidden DM
• Coannihilation
• Secluded DM

Velocity dependent annihilations!



Velocity dependent annihilations

These three 
velocity dependent 
scenarios might 

be interesting for 
post-WIMP epoch.

Similar works: Zhou, Ge...



Accretion-Enhanced Dark Matter velocity 

DM particles can be accreted near the SMBH with semi-relativistic velocity.



S2 frequency shift to test DM 

S-star motion is a good probe to 
DM interactions beyond collisionless.

Shen, Yuan, Jiang, Tsai, Yuan, Fan 
[Mon.Not.Roy.Astron.Soc. 527 (2024) 
3196]



Accretion-Enhanced DM annihilation? 

The maximal 
particle velocity 
is around 0.6c.



Model: an axion-portal dark matter 

Toy model for 
simple 

parametrization.



What will happen if DM annihilation near 
Sgr A*? (1) Annihilation cross-sections

Detecable annihilation signals 
ONLY appear near Sgr A*.   



What will happen if DM annihilation near 
Sgr A*? (2) photon spectra

Searching spectral shape?



Consstraints from Fermi 
and DAMPE

This is the only region for searching 
velocity-suppressed annihilation.



Summary
•We know nothing but gravity about dark matter.
• It is nature to expolre dark matter interaction 

strength as long as it is matter.
•We need to find an anomally beyond what we 

expected (LCDM, the SM, and GR) 
•We propose a spectrum shape analysis for 

searching three types of suppressed-annihilating 
DM. 



这篇文章是关于暗物质的探索和理论的讨论，标题为《如果我们永远找不到暗物质怎么办？》，由Tracy R. 
Slatyer和Tim M. P. Tait撰写，发表在2024年9月的《科学美国人》杂志上。文章探讨了暗物质的性质、它在
宇宙中的作用，以及科学家们如何尝试探测它。以下是文章的主要内容总结(By Kimi)：

1. 暗物质的探测挑战：尽管科学家们几十年来一直在尝试探测暗物质，但至今未能成功。这促使一些科学家
思考是否我们寻找的方式或地点有误。

2. 暗物质的候选者：文章讨论了几种可能的暗物质候选者，包括弱相互作用大质量粒子（WIMPs）
和量子色动力学（QCD）的轴子。这些理论塑造了科学家对暗物质的理解，并启发了许多实验。

3. 暗物质的理论范围：科学家们正在探索更广泛的可能解释，
包括暗物质可能与已知粒子不通过电磁力以外的任何机制相互作用，或者可能完全忽略常规物质。

4.  暗物质的探索策略：文章提到了科学家们采取的平衡策略，
即深入研究最受欢迎的暗物质理论，同时也广泛探索尽可能多的可能性。

5. 未来的探索：科学家们计划在未来几年内通过更精确的观测和实验技术来更深入地理解暗物质。这可能包
括使用新的量子传感器技术。

6. 暗物质的未知性：文章最后指出，尽管科学家们对找到暗物质持乐观态度，但也有可能我们永远无法完全
理解暗物质的真正本质。即使如此，未能找到暗物质也将是科学进步的一部分，因为它教会我们在哪里寻找是
错误的。



Thank you for listening!


