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the Higgs scalar potential ... if the coupling runs negative!
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Λ4 ∼ (1010 GeV)4 ∼ 10−32M4
P v ∼ 102 GeV ∼ 10−16MP
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vacuum instability ...
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quantum-mechanical tunneling !

False vacuum
h = v

True vacuum
h = h0 ∼MP

a bubble of true 
vacuum forms ! decay rate:

Γ ∼ e−SE � 1
age of Universe

[Coleman & de Luccia ’77; Arnold ’89]

[Arkani-Hamed, Dubovsky, Senatore & Villadoro ’08]
[Isidori, Rychkov, Strumia & Tetradis ’07]
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geometry of tunneling - bubble nucleation II
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geometry of tunneling - bubble nucleation III



[Espinosa, Giudice & Riotto ’08]

[Lebedev & AW ’12]
[Lebedev & Lee ’12]

[Lebedev; Elias-Miro, Espinosa, Giudice, Lee & Strumia ’12]

how do we avoid that fate ...

we either hope to be in one of the few Universes, 
where the Higgs does not jump over the barrier ...

or

we have a tiny coupling to a heavy singlet scalar:
threshold effect stabilizes the Higgs potential

or

we use inflation in our past ....

(cf. see-saw for neutrino masses; 
Peccei-Quinn axion for theta-angle ...)



PLANCK



Cosmic Microwave Background:
PLANCK cosmology results 2013!

Planck Collaboration: The Planck mission
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Fig. 19. The temperature angular power spectrum of the primary CMB from Planck, showing a precise measurement of seven acoustic peaks, that

are well fit by a simple six-parameterΛCDM theoretical model (the model plotted is the one labelled [Planck+WP+highL] in Planck Collaboration

XVI (2013)). The shaded area around the best-fit curve represents cosmic variance, including the sky cut used. The error bars on individual points

also include cosmic variance. The horizontal axis is logarithmic up to � = 50, and linear beyond. The vertical scale is �(�+ 1)Cl/2π. The measured

spectrum shown here is exactly the same as the one shown in Fig. 1 of Planck Collaboration XVI (2013), but it has been rebinned to show better

the low-� region.
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Fig. 20. The temperature angular power spectrum of the CMB, esti-

mated from the SMICA Planck map. The model plotted is the one la-

belled [Planck+WP+highL] in Planck Collaboration XVI (2013). The

shaded area around the best-fit curve represents cosmic variance, in-

cluding the sky cut used. The error bars on individual points do not in-

clude cosmic variance. The horizontal axis is logarithmic up to � = 50,

and linear beyond. The vertical scale is �(� + 1)Cl/2π. The binning

scheme is the same as in Fig. 19.

8.1.1. Main catalogue

The Planck Catalogue of Compact Sources (PCCS, Planck

Collaboration XXVIII (2013)) is a list of compact sources de-

tected by Planck over the entire sky, and which therefore con-

tains both Galactic and extragalactic objects. No polarization in-

formation is provided for the sources at this time. The PCCS

differs from the ERCSC in its extraction philosophy: more effort

has been made on the completeness of the catalogue, without re-

ducing notably the reliability of the detected sources, whereas

the ERCSC was built in the spirit of releasing a reliable catalog

suitable for quick follow-up (in particular with the short-lived

Herschel telescope). The greater amount of data, different selec-

tion process and the improvements in the calibration and map-

making processing (references) help the PCCS to improve the

performance (in depth and numbers) with respect to the previ-

ous ERCSC.

The sources were extracted from the 2013 Planck frequency

maps (Sect. 6), which include data acquired over more than two

sky coverages. This implies that the flux densities of most of

the sources are an average of three or more different observa-

tions over a period of 15.5 months. The Mexican Hat Wavelet

algorithm (López-Caniego et al. 2006) has been selected as the

baseline method for the production of the PCCS. However, one

additional methods, MTXF (González-Nuevo et al. 2006) was

implemented in order to support the validation and characteriza-

tion of the PCCS.

The source selection for the PCCS is made on the basis of

Signal-to-Noise Ratio (SNR). However, the properties of the

background in the Planck maps vary substantially depending on

frequency and part of the sky. Up to 217 GHz, the CMB is the
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• The initial fluctuations are plasma sound waves seeded by 
perturbations in energy density with very peculiar properties:

- near uniform distribution of power (‘scale invariance’)

- coherence (have the same initial phase)

- correlations which have been out of causal contact at 
  370.000 yrs, if the Universe expanded always driven by 
  matter or radiation

! mounting evidence for a very early phase of hyperfast 
exponential expansion of the Universe - Inflation

what we know so far ...



horizon problem of the hot Big Bang

today: 13.7 billion years

CMB: 370,000 years

Big Bang:  t = 0

time t

why so many causally 
disconnected regions with 

!T/T ~ 10-5 ?
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φ̈ + 3Hφ̇ = −V
� =:

dV

dφ
1
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φ̇2 + V = H

2 =:
ȧ
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a2

exponential expansion: 
inflation

equations of motion:

slow-roll:

slow-roll conditions on the scalar potential:
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H2
� 1

2

�
V

�

V

�2

� 1 , η ≡ �̇

�H
� V

��

V
� 1

scalar field equation Friedmann (Einstein) equation

scale factor:
size of the Universe

Inflation

|φ̈| � 3H|φ̇| and φ̇2 � V ⇒ H � const.

⇒ a = e
H t for many e-folds N = H ∆t , need: N > 60



inflation flattens everything out ...

horizon
region



slow-roll inflation ...

Figure 1: Motion of the scalar field in the theory with V (φ) = m2

2 φ2. Several different regimes
are possible, depending on the value of the field φ. If the potential energy density of the field is
greater than the Planck density M4

p = 1, φ ! m−1, quantum fluctuations of space-time are so
strong that one cannot describe it in usual terms. Such a state is called space-time foam. At a
somewhat smaller energy density (for m " V (φ) " 1, m−1/2 " φ " m−1) quantum fluctuations
of space-time are small, but quantum fluctuations of the scalar field φ may be large. Jumps
of the scalar field due to quantum fluctuations lead to a process of eternal self-reproduction of
inflationary universe which we are going to discuss later. At even smaller values of V (φ) (for
m2 " V (φ) " m, 1 " φ " m−1/2) fluctuations of the field φ are small; it slowly moves down
as a ball in a viscous liquid. Inflation occurs for 1 " φ " m−1. Finally, near the minimum of
V (φ) (for φ " 1) the scalar field rapidly oscillates, creates pairs of elementary particles, and
the universe becomes hot.
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[Linde ’82]
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a simple example:

instability insurance:
 couple the Higgs to the inflaton ...

radiative stability 
of inflation: ξ � 10−6

L =
1
2
(∂µh)2 +

1
2
(∂µφ)2 − V with: V = V (h) +

1
2
m2φ2 +

1
2
ξφ2 h2

Higgs is stable 
for: φ0 � 20 MP

can start inflaton & Higgs at: φ0 � 20 MP , h0 � 0.1 MP

and Higgs will run exponentially fast to 
h = v = 10-16 MP  in  about 20 e-folds !

[Lebedev & AW ;12]

> 0< 0

see also SFB 
lectures by: 

Oleg Lebedev



evolution of the Higgs during inflation ...
[Lebedev & AW ;12]
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Thanks!


