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Problems

Generation of negatively charged Recombination of
heavy particles X " dark atoms XHe
Properties of the sphaleron transitions: New reactions on nucleosynthesis stage:
* Value of the shaleron energy ESph  Caption of additional light nuclei
should change [1, 2] * Interaction of two dark atoms

* Additional solutions may arise [2]
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The sphaleron freezing out temperature ,
should change The danger of overproduction of

anomalous isotopes and primordial metals [3]
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Sphaleron solution

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

[4] R. Foadi, M. T. Frandsen, T. A. Ryttov, F. Sannino: Minimal walking technicolor: Setup for collider physics, Phys.

Rev. D 76 (2007)
[5] F. Sannino: Conformal Dynamics for TeV Physics and Cosmology, arXiv: 0911.0931.



Formation of dark atoms

(1) f'l.‘.'rl _|_hr£' s ﬁrﬁ—l—ﬁrdﬁ

(2) X+ N — XN + 1,
(3) XN'+ N? 5 XN° +9\N?,

(4) XN' 4+ XN? = XoN° 4+ 94\N*.



Recombination temperatures

(2) X=%" + N*9 > (XN)~4"*94y

3 3
1 m; 12 m;

NnOwW S — =

n = 9i
1 J b 'y P
ﬂl()ﬁf 27

U

. 2 2
GXgN MmN jﬂnow 1

gxN \2mEx N ] ny

[6] Gorbunov, D. S.;Rubakov V. A. INTRODUCTION TO THE THEORY OF THE EARLY
UNIVERSE Hot Big Bang, Theory World Scientific Publishing Co. Pte. Ltd.: Singapore, 2011,



Structure of the dark atoms
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Structure of the dark ions XN
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Recombination temperatures
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Trec, keV
p D ‘%H( ‘He
1| 3(B) 4 (B) 28(B) | 37(B)/6(T)
2 | 13 (B) 19 (B) ~ 42 (T) 85 ('T)
3 129 (B) 44 (B) ~ 116 (T) 180 (T)
4 | 54 (B) 9 (B) ~ 198 (T) 285 (T)
5186 (B) | ~126 (B) /17 (T) | ~ 286 (T) 395 (T)
* n < 4 the dominant branch is
X+ He > XHe +vy
*n=4itis

X+H->XH+vy




Kinetic equations
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Interaction of dark ions

(3) XN' + N? 5 XN? 4+ 9\N*,
(4) XN!' + XN? = XN 4+ 94\N*.
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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 spha
* find the solution of t

eron transitions;

ne system of kinetic equations

which describes the modified nucleosynthesis.
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Density of dark atoms
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