If too much light fields which do not have direct interaction with inflaton
exist in the theory, it spoils parametric resonance in preheating
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1. Introduction

B After inflation to reheating
(@) §
: 1. Inflation
3. REheatlng / ! - Inflaton ¢

TR ~02vT Lo
MLP

2. Oscillatioln ~MIP @

Considering with QFT = resonant particle production (preheating)
[L. Kofman, A. D. Linde, A. A. Starobinsky, Phys. Rev. Lett. 73, 3195 (1994)]
[L. Kofman, A. D. Linde, A. A. Starobinsky, Phys. Rev. D 56, 3258 (1997)]
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B Preheating (without spatial expanding)
[L. Kofman, A. D. Linde, A. A. Starobinsky, Phys. Rev. D 56, 3258 (1997)]

B Parametric resonance
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Particle production happens
B exponentially (bosonic effect)

B around massless point ((¢)~0)
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B Backres:
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2. Particle number in interacted theory
B Motivation m

M Since the classical background field interacts as a mass term(s), the
dynamics of preheating can be treated as a “free” field theory

B In general, however, it is natural that the system has yukawa-like

interaction term(s), not as the mass terms ) m
Distribution of }s particle
B What effects does appear? Lyk

Im &

trapping effect particle production

[

(VEV of @)

gauge 41 - fermions (others)
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B How to evaluate

1. Occupation number for complex scalar ®
NIKT(*) (1)=0Tin 1/2 [V IKTtot (¢)£/V JKTnet (¢)

i
(kinetic energy) ]

Where (1 particle energy)
M VJKkTot =alkTt alkT+bLIKTY HDIKT=1/wlk ( o IK+wlkl2 ®
KMt d Ik )-V (total #)

B V/KkMhet =alkTt alkT—-b0IkTT HIKT =i(® JKTTt © JK—D (JA(eZEJr#CIi k)

+V
U(1) Noether
[ & Ik =/T#Ed13 xel—kx ®(tx), V= (Volume of the sgs emJcharge

2. Equation of Motion
0=04tT2 & K +wlkT2 & JK + (Source terms)

[ “iers )

B The dynamics can be known if we follow the time evolution of
(@ JKMt® UK), (@ KM k) (@K K)
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3. Applications

B Model 1: 2 real scalars (@, y) system

L=1/2 (0p)T2 +1/2 (Oy)T2 =12 mlpT2 ¢T2 —1/4 gT2 T2 y T2

&Inl2

Model 1 Trapping Particle
effect production
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B Equations of motion ( (...)=07in ..07in , $ =@— (@), V= (Volume) )

background B (p)=—MIPT2 (¢)
B (@IKTt @K )T-=(¢p JKT+ ¢ K +¢ KTt ¢ Jk) ¢\\ /’/ ¢
B (5 kTt ¢ JKk+g KTt ¢ IK )T =2(p KT @ Ik )—2wiphT2 (FHUKTT ¢
2 point func < &k )+0(gT4) /2// A y 4

B (g KM @ IK)=—wlpiT2 (¢ IJkTT @K +@ KT+ ¢ IK)
B (KT pIK )T =(prdkTt pdk + kT k)
B (KTt y K+ KT pdR )T =2y KTt y IK )—2wiyiT2 (yIkTT ik )

( +0(gT4)
2pointfunc < M (Y KTt v K )T =—wlyiT2 (yIkTt pdk +y KT ylk ',/Z\
MIPT2 =mig12 +1/2 g12 [T8d13 k/2m)13 ALV ett-74K )—
h 12wlyk )+0(gT4)
. Mip12 =172 12 ($)12 +1/2 912 [155d13 k/ @13 (1) (Bt
O IK )1 2wk ) +0(aT4 ) /l/.--a-.ﬁ--./l,

mass

including 1-loop correction
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B Model 1: 2 real scalars (@, y) system
L=1/2 (Op)T2 +1/2 (Oy)T2 =12 mipT2 ¢T2 —1/4 gT2 T2 yT2

Trapping effect Particle production

> 4 2

, (?) mass X @
Ce=="

fluctuation P?rticle production
B Numerical results : ( 9=0.1, (#40 )=1, (¢ L0 )=0, mip )
=0.001
1.2 1.0E+00
(D) 1.0E-02
1 \ A (\ A {\ ﬂ Lo 1.0E-04
J___,_/'\_r""v >
0.8 | 1.0-06 €
’_'f_f_ 1.0E-08 g‘
(@) os /T oe0s 2
1.0E-10 o
0.4 ( 10612 3
1061 <
0.2 F '_» }
1.0E-16
° 1.0E-18
0 10000 20000 30000 40000 50000 60000
time

2017/8/28 COSMO-17 @ Paris 10/19



3. Applications

= b X
L=1/2 (0p)T2 +1/2 (Oy)T2 =12 mlpT2 ¢T2 —1/4 gT2 T2 y T2

B Model 2 : Model 1 + multi real scalars ({472)

&Inl2
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<— a1
‘ ( (@) mass z
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ﬂUCtUGUO'? ? " no interaction with (D)
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B Model 2-1: 2 real scalars (@, ) + multi real scalars (dn)

Trapplng effect Pamcle production ” Ml

g — s"ll N
( “te\’ac“o |53rt|cle production \Q y

Partlcle production

(D)
B Numerical results : [ =1 9701, Y1 =1, ($l0 )=1, (40 )=0, mip )
1.2 =0.001 1.0E+00
. (D) 1.0E-02
niy LOE-04
0.8 | va 1.06-06 =
nd g_
/(¢)/ 06 } ol 1 .‘ (2
o
D)
0.4 A \ The parametric resonance can be g
f applicable even if the produced <
02 | particles do not have direct
f q d ' interaction with inflaton !!
|
0 10000 20000 30000

time
2017/8/28 COSMO-17 @ Paris 12/19



Particle production

_
mass A
interactio

Uy
production %
> V,

b A

B Model 2-2 : 2 real scalars (@, ) + multi real scalars (dn)
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B Model 2-1: 2 real scalars (@, ) + multi real scalars (dn)
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B Model 1: 2 real scalars (@, y) system
L=1/2 (Op)T2 +1/2 (Oy)T2 =12 mipT2 ¢T2 —1/4 gT2 T2 yT2
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B Why does the trapping effect (energy transfer) become worse?

All lines for previous 3 results

1.2 y 1.0E+00
(P) 1 1.0E-02
1 ]
p 4 1.0E-04
0.8 H - p , 1 1.0E-06 5
nJI’ ! /ﬂ/1 A 10608
o) o0s HIFT - T "'l H 1T H, wimictl o
0.4 — HHAIRIRIRY | | 1 L0E12
— L A N AR AN N AR W AL
| } xlw‘v{fly \“\1 ('f'. J"\'w‘-g 1.0E-14
02 | | LI/ 0 (L | 1R
‘*7—**“ h “ ﬂ v " l (/| V | l . v | l 'H 1.0E-16
0 9,U/. ‘ hon g NIRRT tnan 1.0E-18
0 10000 20000 30000 40000 50000 60000
N J \ )
Y
The initial behaviors are The differences appear when the system
almost same is going to “equilibrium”
B Answer : due to generating effective masses
- The particle production is suppressed = “Quenching preheating”
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B Effective mass in equilibrium = “Thermal” mass
" Mass of y

—12wilink ) +0(gT4,g72 y12 ,y74 )

" Physical interpretation
B When the system is in equilibrium, then

(& nKTY & dnK )~wiédn kT2 (§ InkTt & > edliae) 4elbaiiEd
> J1Ed13 k/Rm)T3 (1/V (§ Ik Tt &3 breaks its resonance

k-ndéink
If nd&dn = [exp(/K[/7)—1]T—1 (BE distribution), then ——

712 /6 > Thermal mass!
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4. Summary

B We studied the effect of interactions in parametric resonance

B The parametric resonance happens even if the produced particles
do not have direct interaction with inflaton field

B However, too many light fields, which do not have time-varying
mass itself but interact to time-varying mass particles, spoil the
resonance particle production
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B Challenges

B These results are performed by the first principle calculation
No expanding effect for simplicity
Calculated up to 2 point correlation function

M In order to calculate more accurate, we need to include
Expanding effect

Decays, scatterings
B Higher perturbation terms in EOM
B More than 3 point correlation function
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