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§ 1. Introduction

parametric resonace

= a realizaion of preheating after inflation

[Kofman, Linde, Starobinsky, PRL73 ('94)]
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ro— %(8@2 _V(g)+ %(axf + Di
2PN —

EOM L
H?(t) = <9> — ? (%qﬁ LV(B) 4 -- )

a

¢(t) +3H(t)o(t) + V(¢) + - =0

uniform ¢-dominant damped-oscillating ¢
decay of O-momentum ¢-particles
[y =T(¢ = xx) + (¢ — ¢v)

EOM for ¢: . .
¢(t) + 3H()p(t) + Lyo(t) + V'(¢) =0

| 174\ 1/2
entropy production T}, ~ (F¢V )

_g'(¢)*

8Ty, 8

ini



000000000000 nboOOn inflationd 000 O
Jotdobtgobbbobgbotboggbogbotdotdotd
oot

0o
(1) 000000000 ooooDooooooboood

(2) ¢?0 f000D00Oinflaton 0000000000000
0oo00 (e.g., |gp| >m,00D0)

00000000 ¢x)DO0D0O0000DO0OD0O0O0

preheating

[Kofman, Linde, Starobinsky, PRD56('97)]



EOM for the inflaton with V (¢) ~ 2m?¢*:
1
o(t) = ®(t) sin(mt) o 7 sin(mt)
mode equation for x():

Xe(t) + 3H (t)xk(t) + ]:L—i + ¢°®?(t) sin*(mt) ) xx(t) =0

In the Minkowski spacetime (a(t) = 1, ®(t) = const.)

X (2) + (A —2gcos2z)xk(z) =0

where z = mt,
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Parametric Resonance

wave function in a periodic potential

| Bloch wave
| exponentially growing or damping waves

For ¢ > 1, the waves are in broad resonance
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nk changes only at ¢ where ®(t) =0
& ot) 2 w(t) with w(t) = \/k? + g2@2(1) sin®(mt)

()] exponentially increase with ¢ stepwise.
nk(t)

—> seccessive scatterings by a periodic potential

—> descent equation for ny



We must take into account ...

> Expantion of the Universe a(t), ®(¢)

narrow resonance ¢ < O(1) resonance J [J O O
broad resonace ¢ > 1 stochastic resonance
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(j < j-th zero of ¢(t))

> 00000 xO0OO back reaction

{ p=ps—py :damping the oscillation

mg ~m? + g*(x°) :increase ¢-frequency

> xUO OO o0 OO rescattering

Am?Z (k) = g*(0$°)), > resonance width
terminates the resonance



state after preheating

e large occupation number of y with small k

resonance band <> k2 <1 & Kk < %T ~ 0.56

e large quantum fluctuation of y
e.q.

m=10"5mp, &= % g=10"3~"1

resonance terminates after about 10 ¢-oscillations

v (%) = 3 x 10'%GeV for g =3 x 10™*

thermal fluctuation at 7" = 10'7GeV

4

nonthermal symmetry restoration
nonthermal heavy particle production

Evolution of this state;

* decay to light particles — conventional reheating process

* relaxation to thermal distribution
numerical simulation [Felder & Kofman, hep-ph/0011160]

relaxation time < ("." large occupation no.)
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§ 2. Charge Generation

[K.F., Otsuki, Kakuto, Toyoda, hep-ph/0010266]

Extension to the case of n-component complex scalar fields

L = 0uxa0"Xa — 920" (t)XoXa
1
_szab(t)Xb - 5 (XaWab(t)Xb + C.C.) ,

¢(t) : oscillating background

: Van(t) = VbZ(t)' Wan(1)

induced by couplings to ¢ and/or by
radiative and finite-T corrections

Wap(t) =0 = global U(1)
ImV,(t) # 0 or ImWy(t) #0 = C and CP violation

We assume that

> charge is generated when ¢(t) = 0, as particles are created.

> Vap(t) and W,(t) can be treated perturbatively.



successive scattering approximation (for broad resonance)

for t;_1 <t < tj, (t; = mj/m)
Xa(x> — /dSk (aikfgk(t)ezkm + béL 2Z(t)€—zkw)
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n=2mi=mo=m, Vii = Voo, Wy, =0

U(1)-sym.: x4 — €'*x, and discrete sym.: x1 < X2

12 2
o= > (Ja] + [ )
a,b=1
p 2 2 2 12
) ]{k: Bl + (81| — Bl — |Pn charge of x1
p 2 2 2 12
J%k: 1ol + 15| — |Bia| — P charge of x2
k k 1
K = — < In the resonance band
k. g®dm ~ /7
For definiteness, take
29211(1)2
Vii(t) = -—
1(f) cosh?[m(t — t;)/v/2]
2021, B2 i (1)
Via(t) = —— 22
cosh®[m(t —t;)/v/2]
0
with Q(t) v

— 1 + efrn,(t—tj)/\/§
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total number and charge densities

n = /d3knk:8\/§7rm3q3/4/ dk k° ny,
0

1= 8\/§7Tm393/4/ dk K° 1 = —J2
0

0o | [ drk*ny [ dk k%51
1073 | 130.5096 —1.609334 x 10~2
1072 | 130.5156 —1.544579 x 101
10~! | 131.1163 —1.537716

T | 990.7411 —50.84228

_j1N10—1 X 0y X n
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§ 3. Application

Affleck-Dine mechanism [Dine, et al. NPB458 ('96)]

flat directions in the MSSM [Gherghetta, et al. NPB468 ('96)]
pst. Vp=Vrp=20

during inflation

AXG"
Mn—3

A2 ‘gb‘ 2(n—1)
M2(n-3)

Vap = (m? — cH}) |¢|* + ( +h.c.) +

where ¢, A come from SUSY breaking coupled to the inflaton

if c>0and ArgA < 1 — ¢ oscillates around 0

In general, ¢ couples to more than 2 scalar fields, B and/or
L will be generated when ¢ # 0 violates the U(1) symmetry.

e.q. LH, flat direction

L(f = (?), Hg = (2) , other scalars =0

fluctuation modes

. 1%

H, = H3+HU=H3+(O)
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U(1)- and CP-violating terms in the scalar potential

D3 + D? (%01 + ¢t
2 — e
|Fy| [(—MHS)T L% + h.c.}

— ¢ f1(169) h.eép -+ h.c.

U
U(1)p-breaking potentials of W-type with
“m” soft-SUSY-br. mass or |u|
“q” g2, g1, Yukawa coupl.
7 Pinitial

For m ~ mw,

/2 = 9P Qinitial _ Pinitial
- 2m (H) 246GeV

. OQinitial =, 10TeV broad resonance
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