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Why Inflation?

The universe, as “photographed” in the CMB is very uniform.

It is spatially flat according to current measurements.

A period of accelerated expansion can naturally explain these (and
other) observations.

Inflation: Typically involves quasi de-Sitter expansion.
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Single Field Slow-Roll

Simple Mechanism: Driving inflation using potential energy of a single
scalar field.

S =

∫
d4x
√
−g
[
−
M2

P

2
R +

1

2
gµν∂µφ∂νφ+ V (φ)

]
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“Slow-Roll”

Friedmann Equations:

H2 =
1

3M2
P

ρ ≈ 1

3M2
P

V (φ)

φ̈+ 3Hφ̇+ V,φ = 0

Slow Roll Parameters:

εV =
1

2M2
P

(
V ′

V

)2

ηV = M2
P

V ′′

V

When ε, η � 1, we have

εV ≈ εφ =
1

2

φ̇2

H2M2
P
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Inflation using Higgs?

It is natural to try to do this using the one scalar field we know exists.

Higgs potential: Quartic for large field values

V (h) = λh(h2 − v2)2 ≈ λhh
4

Large-field chaotic inflation?

λh ∼ 0.13 gives fluctuations that are too large.
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Higgs-ξ Inflation

Bezrukov and Shaposhnikov (2007): Nonminimal coupling of Higgs to
gravity works.

Jordan frame action:

SJ =

∫
d4x
√
−g
[
−M2 + ξh2

2
R +

∂µh∂
µh

2
− λ

4
(h2 − v2)2

]
Einstein frame action:

SE =

∫
d4x

√
−ĝ
[
−
M2

P

2
R̂ +

∂µχ∂
µχ

2
− 1

Ω(χ)4

λ

4
(h(χ)2 − v2)2

]

χ is defined using dχ
dh =

√
Ω2+6ξ2h2/M2

P
Ω4 with Ω2 = 1 + ξh2

M2
P
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Higgs-ξ Inflation - Continued

VE (χ) flattens out at large χ ∼ O
(

MP√
ξ

)
: Typical Slow-Roll Potential

ξ adjusted to give correct normalization of fluctuations.

Number of e-foldings N ≈ 60 - Mildly depends on reheating details.

Observables: ns = 1− 6ε+ 2η ∼ 0.967 and r = 16ε ∼ 0.003.

Squarely within the allowable region of ns − r plot (even now).

Interestingly, λ doesn’t affect ns and r .

Universal Attractors: Classes of Models that flow towards same fixed
point. (Kallosh, Linde, Roest ’13)
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Radiative Corrections

Radiative corrections from quantum gravity and standard model fields
assumed/argued to have small effect.

Radiative corrections discussed in Barvinsky et al. [0809.2104],
Simone et al. (0812.4946), Bezrukov et al., etc.

Graviton and inflaton loops are suppressed by
M2

P,eff = M2
P + ξh2 ≈ ξh2.

The basic picture worked, but accurate computation required: ns and
r depend sensitively on shape of the potential.
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Unitarization

Detailed discussion of effective field theory cutoffs in both frames
using tree-level unitarity arguments: Bezrukov et al. (1008.5157).

Λ =


MP
ξ , h� MP

ξ
ξh2

MP
, MP

ξ � h� MP√
ξ

MP , h� MP√
ξ
.

For large background field value, the cutoff also increases thus
making the theory consistent.

Shift symmetry ensures that any corrections from UV physics can be
kept in control.

Prokopec et al. (1403.3219) computed the cutoff using gauge
invariant variables in an explicitly frame-independent way.
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Extensions to Higgs inflation

Scalar Field coupled to Higgs (Lebedev et al., ’11): “Higgs Portal
Inflation”

More particle species coupled to the Higgs.

Supersymmetry-motivated extensions.

String-theory motivated extensions.
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Why are we considering another extension to Higgs
Inflation?

Based on the measured central values of mt = 173.34GeV and
mh = 125.1GeV, the Higgs self-coupling runs as:
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Model Details

Jordan frame Lagrangian:

L =
1

2

√
−g
[
−
(
M2

pl + ξhH
†H + ξsS

2
)
R + 2∂µH

†∂µH

+(∂µS)2 + 2V (H, S)
]
,

with H =

(
π+

1√
2

(
φ+ iπ0

)),

V (H,S) = −µ2
hH

†H + λh(H†H)2 − µ2
sS

2 + µ3
1S +

1

3
µ3S

3 +
1

4
λsS

4

+
1

2
µshH

†HS +
1

4
λshH

†HS2.
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Model Summary

For the purposes of inflation, we can treat the potential to be

VJ(φ, s) = λhφ
4 + λss

4 + λshφ
2s2

The Fermion χ coupled to the scalar s through the Yukawa coupling
yχ

LDM = χ̄γµ∂µχ−m′χ̄χ− yχSχ̄χ.

What role do these fields play during inflation?

βλh
=

1

(4π)2

[
6(1 + 3s2)λ2

h − 6y4
t +

3

8
(2g4 + (g2 + g ′2)2)

+λh(−9g2 − 3g ′2 + 12y2
t ) +

1

2
λ2

sh

]
βλs =

1

(4π)2

[
18λ2

s + 4λsy
2
χ + 2s2λ2

sh − 2y4
χ

]
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Parameter Region

Input parameters: λs , λsh and yχ

Parameter ranges that work:

0.05 < λsh < 0.2

0.02 < λs < 0.2

0 < yχ < 0.6

We can do without the fermion, but the scalar self-coupling and cross
coupling are necessary.
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Preliminary Results

yχ = 0.1 (Red), yχ = 0.4 (Blue)
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Conclusions

Higgs potential has instabilities below Planck scale for measured SM
parameters.

Quartic coupling to an additional scalar field can help stabilize the
Higgs potential.

It is easy to find a range of parameter values that provides ns and r
values that agree with current observations.

Parameter range should be further constrained with better data.
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Further Work

Constraining dark matter (χ) parameters using LHC data (in
progress).

Consider inflation in the s-direction rather than the Higgs direction
(in progress).
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