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| Expansion history of universe Introduction
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| Problem and Solving Introduction

Horizon and flatness Baryon asymmetry

Both Big bang Nucleosynthesis
and measurements of CMB
gives:
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14 Rotation curve of a disc galaxy Gravitational lens

Inflation EWPT Dark matter

The Standard Model should be extension for the three cases!!!

Tommi Tenkanen, Kimmo Tuominen, Ville Vaskonen ~ Complex scalar singlet Model

J. Cosmol.Astropart. Phys. 09 (2016) 037. The direct detection bounds

Real scalar singlet from XENON1T yield null exclusions!!!
+Fermion
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| scalar potential Model

Scalar partical Higgs portal
Mass P + self_poupling interaction

Standard model et
Vo(H,S) = | —wH + Ml 42151 (5

@ vacuum stability confines: 4, > 0,1, > 0,15, > 0 The global U(1) breaking
to product the DM A
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| Free parameters

M= ( 20°% 4, fvvsxlhs)
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For real scalar singlet case: A,u,v; — 0;
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| Inflations

inflation

reheating

Slow-roll inflation
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The friedman Equation: 3M;H" = qur + V(g),
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The motion equation of field: ¢ + 3#4 +

Slow-roll parameters:
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| Inflations Inflations
Phase transition

Dark matter

Inflationary observables:  Spectrum index Tensor to scalar
ng=1+42n—6¢ r = 16¢
Plank bounds n, = 0.9677 + 0.0060 r < 0.11 with N.=60
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Amplitude of scalar fluctuations: A

Real scalar singlet case Complex scalar singlet case
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| Phase transition

Baryon production Phase transition
Koo Lo Vv
T>Te
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Bubble Wall —>

The finite temperature effective potential:

Tree level
scalar potential Coleman-Weinberg potential Finite temperature corrections
VCW
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| Phase transition

Inflations
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Dark matter
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| Dark matter Inflations
Phase transition

Dark matter

The tree-level direct detection scattering amplitude:
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| Results (Realscalar singlet case)
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Results (Complexscalar singlet case) Results

Ahs

Conclusion
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The direct detection bounds from XENON1T vield null exclusions ! !




| Conclusion Results
Conclusion
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The complex singlet scalar
with the global U(1) being v e
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