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Introduction



Metastability
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Electroweak (EW) vacuum may be metastable??
[Buttazzo+ 13]
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Metastability vs inflation
• Energy scale during inflation: Hinf (Hubble parameter)

• But, energy scale after inflation: m� (inflaton mass)

Metastability can be problematic for Hinf & hinst.

Metastability can be problematic for m� & hinst.
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[Espinosa+07; Lebedev+12; Kobakhidze+13; …]

[Herranen+15; YE+16; Kohri+16; Enqvist+16; …]

[YE, Mukaida, Nakayama 17]• Typically                      for low-scale inflation. m� � Hinf

Metastability has interesting implications 

even for low-scale inflation with hinst � Hinf .

This is why most people mainly concern high-scale inflation models.
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Dynamics of inflaton

1. Slow-roll during inflation.

2. Oscillate after inflation.

3. Finally decay, and reheating completes.

= beginning of hot big bang

if exponential particle production

preheating epoch

= accelerated expansion 
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Set up
• Take the hill-top inflation model as an example.

• Coupling between inflaton and Higgs at around the minimum:
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[Boubekeur, Lyth 05]
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where                      is the inflaton at around the minimum.' ⌘ v� � �
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Particle production
• Higgs production: qualitatively described by Whittaker-Hill equation.

• Inflaton particle: also resonantly produced due to anharmonic potential.

d2hk

dz2
+ [Ak + 2p cos 2z + 2q cos 4z]hk = 0,

Unshaded region = resonant particle production.

It breaks the inflaton condensation = the end of the preheating.

Ak =
4k2

m2
�

+ 2q, p =
2�h�'ini

m2
�

, q =
�h�'2

ini

m2
�

, z =
m�t

2
.

k = 0

Main idea: Higgs production causes tachyonic mass to Higgs

m2
tac ' �3|�h|hh2i

from the negative quartic coupling → causes the EW vacuum decay.
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Lattice simulation
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• We performed classical lattice simulation with

d = 2 + 1, N = 2048, L = 1500m�1
� , dt = 5⇥ 10�3m�1

� .

• EW vacuum indeed decays during the preheating epoch!!



Lattice simulation
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• In order for the EW vacuum to survive the preheating epoch,

are required.|p| . O(1) and |q| . O(10)
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Summary

• EW vacuum stability after preheating is also non-trivial.

• The couplings should satisfy 

    to avoid the EW vacuum decay during preheating.

|p| . O(1) and |q| . O(10)

• EW vacuum metastability has interesting implications 

even for low-scale inflation with hinst � Hinf .
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Back up



Metastability

107 108
109

1010

1011

1012
1013

1014

1016

120 122 124 126 128 130 132
168

170

172

174

176

178

180

Higgs pole mass Mh in GeV
To
p
po
le
m
as
sM

t
in
G
eV

1017

1018

1019

1,2,3 s

Instability

Stability

Meta-stability
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Electroweak (EW) vacuum may be metastable??

Instability

Meta-stability

Stability

⌧EW > ⌧U

[Buttazzo+ 13]
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top
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Inflationary prediction



Classical lattice simulation
Classical lattice simulation:

(1)  Divide space coordinates into meshes. 

(2)  Introduce gaussian fluctuations (quantum fluctuation). 

(3)  Solve the discretized classical equations of motion.

[Khlebnikov, Tkachev 96]

�i,j �i+1,j · · ·

· · ·

�i,j�1

[Polarski, Starobinsky 96]

* Classical approximation is valid in the large occupation number limit.



Lattice simulation

10-8

10-6

10-4

10-2

100

 0  50  100  150  200  250
mφt

p = 0.5, q = 0.5

10-8

10-6

10-4

10-2

100

 0  50  100  150  200  250
mφt

p = 15, q = 15

10-8

10-6

10-4

10-2

100

 0  50  100  150  200  250
mφt

p = 0.5, q = 200

10-8

10-6

10-4

10-2

100

 0  50  100  150  200  250
mφt

p = 10, q = -5

v�/MPl = 10�3, black : h'i2, red : h'2i � h'i2, blue : hh2i


