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Dark Matter is a New Particle 

2 

Not MOND: 

Not light Neutrinos: 

(CMB)                        (BBN, CMB)  

Not ordinary Matter: 
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1.The EU is very hot  

T >> M 

2.  E = Mc2  ensures*      

abundant 

production 

Dark Matter was made in the EU 
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Hydrogen Atom 

Cosmic Microwave  

Radiation 

t ≈ 300 000 years 

Light Nuclei 

Big Bang Nucleosynthesis 

H and He abundance 

t ≈ 1 sec. 

Dark States 

DM Genesis 

t < 1 sec. 

Dark Matter probes the EU 
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Metal 

Z > 2 

? 

Matter has structure 
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1977 

Is Dark Matter complex? 

2020 

A. Unstable Bound States 

B. Stable Bound States 

and new DM Candidates 

C. Number changing interactions  

and new thermal DM production 
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WIMP 

Co-SIMP 

Smirnov, Beacom 

Zeldovich, Lee, Weinberg, Steigman, Turner,…  

Freezeout in the EU 

Hochberg, Kuflik, Volansky, Wacker 

SIMP 
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WIMP Freezeout 

Steigman, Dasgupta, Beacom 

arXiv: 1204.3622 

100 

105 

10-5 

10-10 
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Cartoon Overview of Approach 

TeV ann. 

thermal relic 

uncharted  

territory 
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Unstable DM Bound States 
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Process Diagram 
Cross- 

Section area 

 

 

 

 

 

large 

velocity 

small  

velocity 

11 

Assuming Parapositronium (J=0) 
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Smirnov, Beacom 

arXiv: 1904.11503 

Effect on the Freezeout 
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Maximal WIMP Mass 

Smirnov, Beacom 

arXiv: 1904.11503 
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Cherenkov Detectors 

In Ice 

In Air 
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A) DM Bound State forms: 

B) DM Bound State annihilates: 

New DM Signals 

TeV ann. 

thermal relic 

uncharted  

territory 

Smirnov, Beacom 

arXiv: 1904.11503 
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Example: DM Spectroscopy (SU(2) 5-plet) 
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1977 

Beyond WIMPs 
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QCD Charged DM ? 
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J. Beacom et al. 2007 

Strong cross sections ≈ barn 

“Weak” cross sections 

Earth  

overheated 

10 years 

Progress 

The allowed Parameter Space 
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Color-Charged Dark Matter Model 
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Idea: Chromocatalysis 
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Chromo-catalysis in Cosmology 

arXiv: 1801.01135, 1811.08418 
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Abundances Today 

arXiv: 1801.01135, 1811.08418 
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Direct Dectection & Chromopolarizability 

arXiv: 1801.01135 
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Rearrangement Annihilation  

arXiv: 1801.01135 
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Mining Dark Matter 
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Nuclear Searches 

A. “Stuck” isomers can be de-

excited by the hybrids 

B. Life-time measurements or near 

by detectors search for the signal 

arXiv: 1907.00011, M. Pospelov, S. Rajendran, and H. Ramani 
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Number Changing Interactions 
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Inspiration: QCD at low Energies 

 

E. Witten (1983)  

http://inspirehep.net/record/13234
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Hochberg, Kuflik, Volansky, Wacker 

30 

WIMP 

SIMP 

Co-SIMP 

Smirnov, Beacom 

Zeldovich, Lee, Weinberg, Steigman, Turner,…  

Freezeout in the EU 
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Electrophilic Co-SIMP  

 

31 
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arXiv: 2002.04038; J. Smirnov, J. Beacom 

Monoenergetic Recoil 
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XENON1T Signal 

v2 on arXiv today: arXiv: 2002.04038v2; J. Smirnov, J. Beacom 
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Co-SIMP 

Smirnov, Beacom 

Look right here effect 

Given XENON1T mass and exposure: 
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Implications  

 

35 
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Detectors with lower energy thresholds < eV 

Scattering off Electrons 

arXiv: 2002.04038; J. Smirnov, J. Beacom 
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Consequences  

A. New target for low energy recoils at 30 - 50 keV 

B. Modified Signal shape in Argon due to atomic structure  

C. Richer light sector possible: UV completion needed to 

check consistency with BBN  

D. New collider signatures expected (UV models) 
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1977 

New Directions for 

 Thermal Dark Matter 

2020 

A. New Detection Methods 

B. New types of DM Candidates 

C. XENON1T  
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Thanks!  
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Questions for UV completions 

A. Emerging 

Showers?Hadronic and 

Electromagnetic  

B. Opacity of materials  

C. Loop coefficients  

-> Work in progress with:      Bei 

Zhou and John Beacom  


