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Running of the higgs self-coupling λ

Assuming no new physics enter until MPl = 2.4× 1018GeV,
we can extrapolate the behaviour of the SM to very high energy

Buttazzo et al., 1307.3536
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For λ we have

dλ
dlnµ
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∝ αm4
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t

λ turns negative at Λ ∼ 1010GeV!



Metastability of the EW vacuum and Higgs evolution
This is how the Higgs potential looks like (for large values of h)
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Two problems:
I Huge fine tuning to put the Higgs field in the false vacuum.
I Fluctuations of the Higgs field are proportional to the Hubble scale
H during inflation. If H > Λ, it is likely to end up in the true
vacuum.



Extending the SM: modify Higgs’ dynamics during inflation
Lebedev&Westphal, 1210.6987

In this talk we assume large field inflation, in particular m2φ2/2:

Goal
Make the Higgs potential convex so that the Higgs field evolves to zero
during inflation

How-to
Introduce the renormalizable coupling

1

4
λhφh

2φ2 −→ m2
h = λhφφ

2
0/2

that can induce an effective mass term for h above the Hubble scale

Constraints
I No large radiative corrections to φ potential
I Sizable effect to the Higgs evolution

10−10 < λhφ/2 < 10−6



Extending the SM: system evolution during inflation

ḧ+ 3Hḣ+ ∂V/∂h = 0

Two stages
I Initially 3H2M2

Pl = (ḣ2 +m2
hh

2)/2→ h ∼ (cosmht)/mht

I After a few Hubble times
3H2M2

Pl = m2φ2/2→ |h(t)| ∼ e−3Ht/2|h(0)|
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Reheating models
C. Gross, O. Lebedev, MZ 1506.05106

Can we infer the size of λhφ from reheating?

Common feature of reheating models

I Energy density needs to be transferred to SM particles
I This requires a coupling (perhaps indirect) inflaton-SM

Renormalizability requires the introduction of the coupling λhφh2φ2

V ⊃ λhφh2φ2/4 + σhφh
2φ/2 + λφφ

4/4

λhφ runs with the renormalization scale!



Inflaton to RH neutrinos

−∆L = λνφνRνR/2 + yνhL̄LνR/
√

2 +MνRνR/2 + h.c.

λhφ ' |λνyν |2
2π2 ln MPl

H σhφ ' −M |yν |
2Reλν

2π2 ln MPl

H λφ ' |λν |4
4π2 ln MPl

H

I λφφ
4 unimportant with respect to m2φ2 −→ λν < 10−3

I Seesaw and constraints on the mass of active neutrinos−→ yν < 0.6

0 < λhφ < 2× 10−7



Conclusions

I A small φ− h coupling can explain why the universe ended in the
false vacuum after inflation

I The coupling φ− h is required for the renormalizability of realistic
reheating models

I The induced coupling can be of the right size to affect the Higgs
dynamics

I Next: understand the dynamics of reheating and preheating in more
detail



Thank you
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