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The origin of
matter and
radiation
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Preheating

ry rich phenomenology after inflatic

*Non-thermal production of particles (CDM)
*Production of topological defects (strings)
*EW baryogenesis & leptogenesis
*Production of gravitational waves
*Production of primordial magnetic fields
*etcC.
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Tachyonic preheating

Spinodal growth of long wave Higgs
modes

* At the end of Hybrid Inflation
*Higgs couples to gauge fields
*Strong production of fermions
*Production of cosmic strings
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The Higgs Evolution
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Higgs Quantum Field
Yy (T)=f (T)a (T )+ (T)al,(T)
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Quantum Initial Conditions
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Unitary Evolution
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Wigner function
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Quantum to Classical Transition
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Quantum to Classical Transition

For k<yT (longwave
modes)
Power spectrum (approximation):
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Power spectrum of longwave modes
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Lattice Simulations

Quantum averages = Gaussian ensemble average:

Initial conditions: Highly occupied modes
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High peaks of Higgs field




High peaks










High peaks and mean of Higgs field
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The Higgs-Inflaton model

L=Tr((6,0)70*0] +>(0,xP-V(®,x)

1 1
Tr[®*®]=—(¢§+¢a¢a>55¢2
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Gravity waves evolution equation

2 2 . .
aoh,j—V h,=16m G I1; anisotropic stress tensor
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Kinetic Turbulence &
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GW spectrum during turbulence

3 k,t
‘ ; Paul®:5)_4 002 6 t+ Pk exp(-0.32 t*"k?)
2T po
Instantaneous spectrum:
dk k> PgulK,t) GV t?
Qaul0=] 5755 ga4pc =0.002 0,

Integrated spectrum after end of turbulence (t*):
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Big Bang plus
380,000 Years

Gravitational Waves are
produced
directly at the Big Bang

.
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Big Bang plus : \ 00
13.7 Billion Years



Detection
Gravitation

al
Waves




Ranges of Gravitational Wave Detectors in the Wor

LISA, LCGT

Spocecraft #]

Hercules cluster



Dimensionless stress amplitude

h (f)=1.3x10"8 1—’:2
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Cosmic Messengers
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Telescope | Person Date Objective Discovery
Optical Galileo 1608 | Navigation | Jupiter’s moons
Geiger Hess 1912 | Geothermal Cosmic Rays
Optical Hubble 1929 | Nebulae Universe Expansioh

Radio Jansky 1932 | Atmos. Noise| Radio Galaxies

Microwave9enzias, Wilson 1964 TelecommunicatioBackgr. Radiation

D

Interferom

Waves

X Rays Giacconi | 1965 | Sun, Moon Neutron Stars
Radio Hewish, Bel] 1967 | lonosphere Pulsars
Rays military [1960sS| Nuclear Tests F-amma Ray Burst:
Radio Hulse, Tayloyl974 |Binary Pulsaéravitational Waves
Optical Plzi:lsr;t:te;r 1998 | Supernovae Universe Acceleration
Laser . 20207 GrawtatlonalIBig Bang, Inflation}
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Conclusions

* CMB anisotropies suggest inflation

* The end of inflation is our local Big
Bang

* It Is extremely violent at preheating

* Production of gravitational waves at Big
Bang

* New detectors of GW are under
construction
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EW Tachyonic Preheating

Spinodal growth of long wave Higgs
modes

* At the end of EW Hybrid Inflation

* Inflaton couples to Higgs

* Higgs couples to SM fields

* Strong production of fermions
and gauge fields



Evolution of Universe

Inflation radiation matter nowa



The SU(2)xU(1) Higgs-Inflaton mode
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Hybrid Inflation /
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Charges in W+ B




Charged plasma













Time evolution
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Boltzman-Maxwell distribution
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Spatial averages

:i_fcéod)? Linear average
1 N

:L_szB-dS Magnetic flux

1 ¢ = 4.

:L_3fv B-d>x Volume average



Spatial averages
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'he amplitude of magnetic fields

P mag
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Coherent Magnetic Fields

B~50 uG at L<5kpc
B~5-10u G at L~10 kpc
B~1uG at L~1Mpc clusters
B<107%-10° u G at L~1-50 Mpc supercluster
B<107°-10" G at L>100 Mpc TMB
B<10" G at T=10"K BBN

} galaxies
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M31 MAGNETIC FIELD ORIENTATION

Coherent
Magnetic
Field in M31

B~1-3uG
[~10 kpc

0" 4, 0™308

Fig, 11, Onentation of the magnetic feld (75}

indicate the degree of linear polarization at J



Faraday rotation by cluster galaxie:




Coherent Magnetic Fields in
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FW Symmetry Breaking can lead
Lo the production of primordial
maghnetic fields at tachyonic
preheating after hybrid inflation

‘he right amplitude and scale
f magnetic fields depends on
he extent of kinetic turbulence

nitial conditions for magneto-
1ydrodynamic simulations



