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Dark atom
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𝑋−2𝑛 + 𝑛 𝐻𝑒+2 → 𝑋𝐻𝑒
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Problems
Generation of negatively charged 

heavy particles 𝑿−𝟐𝒏

Properties of the sphaleron transitions:
• Value of the shaleron energy 𝐸𝑆𝑝ℎ

should change [1, 2]
• Additional solutions may arise [2]

The sphaleron freezing out temperature 
should change 

Predicted ratio 
Ω𝐷𝑀

Ω𝑏
changes

Recombination of 

dark atoms 𝑿𝑯𝒆

New reactions on nucleosynthesis stage:
• Caption of additional light nuclei
• Interaction of two dark atoms

The danger of overproduction of 

anomalous isotopes and primordial metals [3]
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Sphaleron solution

5

Sphaleron transitions are the nonperturbative electroweak processes violating the 
baryon and lepton numbers.
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WTC model
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Recombination temperatures

𝑋−2𝑛 +𝑁+𝑞 → (𝑋𝑁)−2𝑛+𝑞+𝛾
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Structure of the dark atoms

0 < 𝑎 < 1 2 < 𝑎 < ∞
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Structure of the dark ions 𝑋𝑁
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Recombination temperatures

• 𝑛 < 4 the dominant branch is
𝑋 + 𝐻𝑒 → 𝑋𝐻𝑒 + 𝛾

• 𝑛 ≥ 4 it is
𝑋 +𝐻 → 𝑋𝐻 + 𝛾 11



Kinetic equations

12[8] Khlopov, M. Fundamentals of Cosmic Particle Physics, Cambridge International Science Publishing Ltd, 2012



Interaction of dark ions
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Conclusion

To describe the dark atom formation completely in 
extensions of SM it is necessary to

• find the energy of sphaleron transitions in a particular 
model and then to estimate the freezing out 
temperature of sphaleron transitions; 

• find the solution of the system of kinetic equations 
which describes the modified nucleosynthesis.
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Density of dark atoms
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