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Higgs Inflation
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Higgs Inflation
ℒ = −gJ[ −

1
2

(1 + ξh2)RJ +
1
2

gμν
J ∂μh∂νh −

λ
4

h4]
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[Bezrukov, Shaposhnikov - 0710.3755]  

•   in order to match observations.


•  . 


• The remaining window of validity for the EFT is very narrow.


• The plateau in the inflationary potential is very sensitive to the UV physics, 
making the model lose its naturalness.

ξ ≃ 104

H ≃ λHMP/ξ ⟹ 1 ≫ H/M ≫ λH

[Burgess, HML,Trott(2009,2010); 
 Barbon, Espinosa (2009);  

Hertzberg(2010)]  



Higgs-R^2
ℒ/ −gJ =

1
2

(M2
p + ξĥ2)RJ −

1
2

(∂μĥ)2 −
λ
4

ĥ4 + αR2
J
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Recast R into an auxiliary field ̂χ

ℒ/ −gJ =
1
2

(M2
p + ξĥ2 + 4α ̂χ)RJ −

1
2

(∂μĥ)2 −
λ
4

ĥ4 − α ̂χ2

2002.11739

Lagrangian in the Jordan frame

Λcutoff = MP

The new  field linearizes Higgs inflation χ

Higgs-sigma models are a UV completion of Higgs inflation [Giudice, Lee, 1010.1417]



Inflationary potential
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Higgs much heavier than Hubble scale h2 =
κ1σ(σ + 6)(σ − 3(ξ + 1

6 )(σ − 6))
λ(σ − 6) − 3κ1(ξ + 1

6 )(σ − 3(ξ + 1
6 )(σ − 6))

σ = − 6 tanh( χ

6 )

Veff(χ) =
9κ
4 (1 − e−2χ/ 6)

2[1 +
κ1

4λ (6ξ + e−2χ/ 6)
2]

−1

 drives inflation while the Higgs is frozen at a non-zero VEVχ

V =
1

Ω4 [ 1
4

κ (σ(σ + 6Mp) + 3 (ξ +
1
6 ) h2)

2

+
1
4

λh4]

Canonical field



Reheating
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Background field evolution

σ(t) = σ0, h(t) = h0(σ0) + hosc(t),

(h0(σ0))2 ≃ −
3 6κ (ξ + 1

6 )
λ + 9κ (ξ + 1

6 )
2 Mpσ0

9

[M. He - 2010.11717]  

We divide the fields into a background and an oscillating part

 for h0 = 0 σ0 > 0

For σ < 0

The Higgs is released from background value it had during inflation

V ⊃ κξσh2From the inflationary potential



Background field evolution
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The highly oscillating part becomes prominent for , when the Higgs background vanishes. 
It turns out that  is the dominant source for reheating due to both rapid oscillations and a large Yukawa coupling. 

σ0 > 0
hosc



Decay rates of  condensatesσ
σ = σ0(t) + δσ,

ℒ ⊃ cσ0(δh)2

c =
− 3

2 6κ (ξ + 1/6) Mpl , σ0 > 0,

3 6κ (ξ + 1/6) Mp , σ0 < 0.
Γσ0→δhδh =

9 3
16π

Mpκ3/2 (ξ + 1
6 )

2 (1 − 4 6 (ξ + 1
6 ) σ0

Mp )
1/2

, σ0 > 0,

9 3
4π Mpκ3/2 (ξ + 1

6 )
2 λeff

λ (1 + 8 6 (ξ + 1
6 ) λeff

λ
σ0

Mp )
1/2

, σ0 < 0.

In both cases, for  this decay mode is kinematically blocked. 

The factor  makes it subdominant after a few oscillations.

ξ ≳ 1
|σ0 |MP ≲ 0.1(ξ +

1
6 )−1
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Couplings to the SM particles are conformal  suppressed by the Planck scale⟹



Decay rates of Higgs condensates
h = h0(σ0) + hosc(t) + δh

ℒ ⊃ −
yt

2
ht̄t = −

yt

2
(h0(σ0) + hosc)t̄t

mt = yt
3 6κ
2λeff (ξ +

1
6 ) (−MPσ0)

   for  mt = 0 σ0 > 0

Γhosc→tt̄ =

3y2
t

16π
Mp (3 6κ (ξ + 1

6 ) σ0

Mp )
1/2

, σ0 > 0,

3y2
t

16π
Mp (−6 6κ (ξ + 1

6 ) σ0

Mpl )
1/2

(1 −
y2

t

λeff )
3/2

, σ0 < 0.

For  the decay  is kinematically allowed only for  for  
For   is always open.  Thus, is the dominant decay mode for the Higgs condensate.

σ0 < 0 hosc → tt̄ ξ ≳ 5000 yt = 0.5
σ0 > 0 hosc → tt̄

12

top mass



Numerical solutions 
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Reheating and max temperature

T4
reh =

72M2
p

5π2greh (
Γσρσ,end + Γhρh,end

ρσ,end + ρh,end )
2

T4
max =

12 3
π2greh ( 3

8 )
3
5

Mp
Γσρσ,end + Γhρh,end

ρend
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Inflationary predictions
Instant thermalization T = ( 30

π2greh
ρr)1/4 greh = 106.75

For ,   

varies by  

100 ≤ ξ ≤ 4000 2.6 × 1013 GeV ≤ Treh ≤ 2.5 × 1014 GeV

Tmax 5.8 × 1013 GeV ≤ Tmax ≤ 3.6 × 1014 GeV

N = 53.2 − 54.0

ns = 0.9608 − 0.9614,
r = 0.0041 − 0.0042

Correction in the number of e-foldings due to delayed reheating −Δns = 0.00064 − 0.0012.

with
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Freeze-in Dark Matter
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Production after reheating
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In the nearly conformal coupling thermal scattering is the most effective way to produce dark matter.
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Smaller DM masses can be obtained.
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Summary
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Back ups
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Analytic solutions
Separate the dynamics of h and σ

ρσ =
1
2

·σ2 +
1
2

m2
σ,+σ2, ρh =

1
2

·h2 +
1
2

m2
hh2 +

λeff

4
h4,

pσ =
1
2

·σ2 −
1
2

m2
σ,+σ2, ph =

1
2

·h2 −
1
2

m2
hh2 −

λeff

4
h4,

m2
σ,+ = 3κM2

p ,

m2
h = 3 6κ (ξ +

1
6 ) Mpσ0 .

These simplifies Boltzmann equations

·ρσ + 3H(ρσ + pσ) + Γσ(ρσ + pσ) = 0,
·ρh + 3H(ρh + ph) + Γh(ρh + ph) = 0,
·ρr + 4Hρr − Γσ(ρσ + pσ) − Γh(ρh + ph) = 0,
3M2

p H2 = ρσ + ρh + ρr

pσ = ph = Γσ = Γh = 0 ρr =
2 3

5
Mp

Γσρσ,end + Γhρh,end

ρend ( a
aend )

− 3
2

− ( a
aend )

−4
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Reheating and max temperature
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