Reheating dynamics
after inflation
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Microwave sky observed by Planck
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Planck TT spectrum

, 1303.5062

Planck
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Combined with high-l measurements
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Bestfit ACDM parameters

Planck

Parameter Best fit 68% limits

0.022068  0.02207 + 0.00033
0.12029 0.1196 + 0.0031

1.04122  1.04132 + 0.00068
0.0925 0.097 + 0.038
0.9624 0.9616 + 0.0094

In(10'°Ay) 3.103 + 0.072

Initial condition of the density perturbation i
determined by inflation Pe(k) = A, (£> :
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Inflation

A.Guth (1981), K.Sato (1981)

® Accelerated expansion of the universe
driven by a scalar field (inflaton)

® Solve horizon problem
and flatness problem

ion of
eed of

bation

N WAL Scwee fean

13F10824HAREH



Perturbations

® Metric Perturbation

ds® = —N2dt* + a®(t)e® P (6,5 4 hi; (%)) dz'da?

Tensor perturbation
 (Gravitational wave)
- Wave

W

Scalar perturbation
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Planck+WP
Planck-+WP+highL
Planck+WP-+BAO
Natural Inflation
Power law inflation
Low Scale SSB SUSY
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A

Reheating




Importance of reheating

Reheating temperature IR is important since

it determines :

® Efficiency of Leptogenesis/Baryogenesis

® Gravitino abundance (Thermal / Nonthermal)
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Inflaton decay

® |nflaton must couple to SM sector directly
or indirectly for successful reheating

® |nflaton coupling to SM particles, e.g.,

® H|ggs W =koH, H,
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@ ¢+BH+Ty)p+V =0 pr +4Hpr = Typy

decay rate 1

H? =
3ME

(,ch + :07“)

® Reheating is completedat T'y ~ H

e

Reheating temperature : | T ~ /T, Mp

.

e Radiation before the completion of reheating
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Thermal history imprinted in inflationary GWs !

Seto, Yokoyama (2003), Boyle, Steinhardt (2005), KN, Saito, Suwa, Yokoyama (2008)

r=0.1, TR=106’7’8G6V Kuroyanagi, KN, Saito (201 1)

BBO/FP- DECIGO
10year

' Ultlmate DECIGO
- 3year
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Thermal history imprinted in inflationary GWs !

Seto, Yokoyama (2003), Boyle, Steinhardt (2005), KN, Saito, Suwa, Yokoyama (2008)

r=0.1, TR=106’7’8G6V Kuroyanagi, KN, Saito (201 1)

BBO/FP- DECIGO
10year

/ Ultimate-DECIGO.
.o dyear
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Reconsider Reheating

® Example: L = A\QxX V(fb)

e Reheating temperature
O

IHE \/FchP F¢ ~ )\2m¢

¢ DL‘(‘§ INTlaton de« d) :
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Alchemical inflation

KN, ETakahashi, 1206.3191
@ W ==5p— ™ —go") e.g., ¢’ = H,H,
Flat direction: u° = M\ + g¢"
Lifted by SUSY breaking: V¢ = m3 |¢[> + m3|¢|?

e Around ¢ ~ 0

myt (L g¢"
AL <1 p >
(m = 2)

New inflation
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Alchemical inflation

KN, FETakahashi, 1206.3191

e After inflation ¥ =0 is minimum.

—> Coherent oscillation around % =0

Inflaton automatically turns into Higgs !

e Reheating proceeds
via dissipation of
Higgs condensate.
¢z’ ~ 1015G€V
TV ™ 106G6V
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Inflation scale

4 3

] 4 3
Log,o(wWMp)

Log(uw/Mp)

Figure 3: The contours of log,,|m, /GeV] (left) and log,,|Hint/GeV]| (right) where we set
g=1 m=2 n=4and N = 50.
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Alchemical inflation

KN, FETakahashi, 1206.3191

® Reheating proceeds via

1V4 21,712
dissipation of Higgs condensate. E¢) My Y]
% o~ 1015G€V ‘
Mgy ™ 1O6G6V \L/

® Standard perturbative calculation does not work.

® The same is true for most Higgs inflation models.

How to deal with reheating ?
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Two main effects :
|. Preheating

2. Thermal dissipation

° ° ° =B )t =
e Simple (but realistic) model : L = A@QXX
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Preheating

Kofman, Linde, Starobinsky (1997)

® Example: L = \pxX V(o)
m;ﬁ = Ap(t)

Vacuum for X is non-adiabatic
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Preheating

Kofman, Linde, Starobinsky (1997)

® Number density of y V(o)
after production

s 0
Ny ~ k2 ~ (Amgp)3/?

® Produced X particles decay
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Thermal effects

® For high-temperature 971" > mg
—> Thermal blocking ¢>< xXx

® Instead, thermal dissipation comes in.
J.Yokoyama (2005), Drewes (2008,201 3),

o \p < T X thermal bath " % Ci Berera, Ramos (2010)
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Schematic picture

- “Quasi-particle”

k

L9 Dissipation .
rate :

e =

Decay

Scatter
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® Numerical results
K Mukaida, KN, 1212.4985

Preheating Thermal
dissipation

ity o0 ) — (L kAR KPS R T
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Reheating temperature

K.Mukaida, KN, 1212.4985

Reheating temperature can be much higher
than the inflaton mass.
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Reheating temperature

K.Mukaida, KN, 1212.4985
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Reheating temperature

K.Mukaida, KN, 1212.4985

2
10
107/

Perturbative
decay
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Reheating temperature

K.Mukaida, KN, 1212.4985

2
10
107/

Perturbative Thermal
decay dissipation
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Summary

® The reheating process may be significantly
altered by thermal effects.

® Most significant for low-mass inflaton and
large coupling constants.

[ ] [ ] [ [
gacsa(egailige ation
i RICLN SRl ll N e A § Q. : e b | . oLl PR = p -
) ol oo P ~eS s i £ N e
3 e 1- " , g g Ve s e - = L8 ‘_ . A e .'-'_,‘k"" -l ad $EaN oy + - % NI
\ . v . » ‘ N »

o

13F10824HAREH



