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Inflation solves the problems of Big Bang theory
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Universe is usually preheated by particle creation in the background of an
oscillating inflaton
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Mechanism of particle production

Minkowski space Expanding universe

Strong coupling Strong coupling

Parametric resonance Parametric resonance

Weak coupling Weak coupling

Parametric resonance Born approximation ?7?
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Parametric resonance in Minkowski space

For the interaction Ljp; = —o¢? with weak coupling o¢g < M?,
@(t) = ¢Po(t) cos Mt in the first resonance band wes = % occupation
number of the created particles is

Ni=———sinh? At 1
ST ey PRy R (1)

1
A:W/a%g—y, A=wj — Wy, wi=y/mi+k’x~k (2)

Total particle number grows asymptotically exponentially with time
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Parametric resonance in the expanding universe

Modifications in the case of expanding universe

k? k
dox a3 wp=/md 4+~ (3)

Parametric resonance still occurs if

%o 3
%_§H<<M, T <A (4)
N ~ sinhz/)\(t)dt (5)

If the adiabatic conditions are violated one usually employs the Born
approximation

o2 T2M
r — My =
2 8rM’ YT e (6)
How to justify this?
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Production of bosons

O + (mZ +20¢)p =0,  ¢(t) = do(t)cos Mt (7)

Violation of the adiabatic conditions means |o| < \/g,\"j,’—i
It is always true in our case as o¢g < M?, g9 < Mp

Using Bogolubov coefficients method and stationary-phase approximation
one gets the result:

Solution for coefficient 3

Bi= 200, [ wi(t) = M/2
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Production of bosons

Energy density of created particles

3
po(t) = — / K Bk~ ki) B(Ma(t) — 20)KIBP ()

a*(t) ) (2m)3
. ' rwp(p _ ™)
pp = —4Hp, + T,p, K38k [2Ma(t)
Am?at(t) | k—ma(t)/2
4 Y '
2
Te = gem

As it was in Born approximation
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Production of fermions

mt T@Wﬂ» [ivu(X)IDH - m(t)]¢(x) = O (9)
m(t) = my, — To(t), % <1 (10)

Analogous calculations gives the result

Solution for coefficient /3

B = —3Tdo(tk)\/ mifieny

and for the decay rate

2
[ My = 5 ]
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Our theory is applicable to the Starobinsky model

M3 4 R? -5
Sg=— /dx\/ R—gp): #=13x107Mp (11)

R?-modified theory of gravity is equivalent to the Einstein theory of

gravity with a new special scalar field ¢. ¢ + p°¢ = 0
Bosons

Fermions
2
Do+ [mfp _ e ] ¢ =0, [i,,(x)D, — m] px = 0
V6Mp (15)
(12) .
my
o T— (16)
13
N (13) 3 Mp
r_02 B M3 rw:TZM: Mm?ﬁ
° 7 8rM 1927 M3 8r  12rMp
(14) (17)
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Conclusions

@ Due to the specific features of expanding universe parametric
resonance does not develop in the case of weak coupling

@ Universe expansion restores validity of Born formulas for the decay
rates
- % p,=TM
2T M Y 8
do not depend on the details of the universe expansion

(18)

decay rate mean occupation rate of filling
number new modes
e~ Ny ~1/H(t) x ~ H(t)

decay rates eventually do not depend on H(t)
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