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Introduction
• Understanding relation btw energy of vacuum state of a Q system and
fundamental questions in Cosmology is a major challenge of fund Physics
• Why the vacuum energy seems to be decoupled from Einstein’s eq ?
• What about the precise value and nature of dark energy (DE) ?
• In the important domains of quantum field theory (QFT), gravity and theo
cosmology, the notions of vacuum energy and the Casimir effect are now
key subjects of fundamental science
• Cosmological models involve as main ingredient a small Λ, a contribution
of the Q vacuum fluctuations and/or a Casimir effect (as in braneworlds)
• SLOAN, HUBBLE, WMAP, BICEP, PLANCK… surveys at very large scales
• Lab measurem using cold atom interferom: accurate test of the grav forces
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Bubble Nebula, in Cassiopeia,
8000 light-years away

November 23, 1924

FINDS SPIRAL NEBULAE ARE STELLAR SYSTEMS; Dr. Hubbell
Confirms View That They Are 'Island Universes' Similar to Our Own.
WASHINGTON, Nov. 22. -- Confirmation of the view that the spiral nebulae, which
appear in the heavens as whirling clouds, are in reality distant stellar systems, or
"island universes," has been obtained by Dr. Edwin Hubbell of the Carnegie
Institution's Mount Wilson observatory, through investigations carried out with the
observatory's powerful telescopes.
In 1929 Hubble formulated the Redshift Distance Law, Hubble's law

Edwin Hubble (1929), "A relation between distance and radial
velocity among extra-galactic nebulae“, PNAS 15, 168–173

Ernst J.
Öpik

Estonian astronomer and astrophys.
(1893-1985) worked at the Armagh
Observatory in Northern Ireland. In
1922 published a paper estimating
the distance to Andromeda using an
original method based on observed
rotational velocities of the galaxy:
450 kpc. Was the first to calculate
the density of a white dwarf.

His result was closer to recent estimates (775 kpc) than Hubble's
result (285 kpc) of Nov 23, 1924; E Öpik, ApJ 55, 406, 1922.

Big Bang
“Condició primigènia en la qual existien unes
condicions d'una infinita densitat i temperatura”
[Wikipedia CAT]

“At some moment all matter in the universe
was contained in a single point” [Wikipedia]

Georges Lemaître

(1894-1966)

Theory, 1927: Solution (Friedmann’s) of Einstein’s Eqs

Annales Société Scientifique Bruxelles 47, 49 (1927), Eddington MNRAS (1930)

Observational evid.: V. Slipher redshifts + E. Hubble distancies

"hypothèse de l'atome primitif“
primeval atom, cosmic egg

Nature 127, 706 (1931)
WS Adams i T Dunham Jr 37-41; G Gamow 48; RA Alpher, RC Herman 49

James Peebles: "The discovery that the U is expanding", Madrid 21/4/15

NP 1978
Arno Allan Penzias

Robert Woodrow Wilson

NP 2011

Saul Perlmutter

Brian Schmidt

Adam Riess

Result: supernovae are
dimmer than expected
The universe is not
decelerating
It is accelerating
Cannot be explained
by matter+ radiation
(see before)

Riess, Schmidt et al. ‘98
Perlmutter et al. ‘99

On the very origin

?

A mathematical singularity.

Extrapolation of the expansion of the universe backwards in time using General
Relativity yields an infinite density and temperature at a finite time in the past
[Hawking and Ellis, The Large-Scale Structure of Space-Time (Cambridge U.P., 1973)]

≈ 5.39106(32) × 10−44 s
ħ = 1.054571726(47)×10−34 J s
= 6.58211928(15)×10−16 eV s

inside Planck region

?

Creation of the Universe
… out of nothing !

What’s ‘nothing’ ??
• In fundamental classical physics, GR:
de Sitter sol. is the zero-energy sol. of Einstein’s Eqs.

• In quantum physics:
The vacuum state of a quantum system
• Of quantum spacetime Krauss-Wilczek ‘15, nope!
• Of a scalar field Ham (Higgs, inflaton, …)

Inflation
App. 10−36 seconds after the origin, a phase transition caused a cosmic inflation, during which the universe grew very quickly
The inflationary epoch lasted from 10−36 to 10−35 seconds after the origin to some 10−33 to 10−32 s
de Sitter space (1917) is the analog in Minkowski space (spacetime) of a sphere in ordinary, Euclidean space. It is the
maximally symmetric, vacuum solution of Einstein's eqs, corresp. to a positive vacuum energy density and negative pressure
De Sitter space can be defined as a submanifold of a Minkowski space of one higher dimension. Take Minkowski
space R1,n with the standard metric:

De Sitter space is the submanifold described by the hyperboloid of one sheet
where

is some positive constant with dimensions of length
In the early 1970s Zeldovich: flatness and horizon problems of BB cosmology
In the late 1970s, Sidney Coleman applied the instanton techniques of A.
Polyakov et al to study the fate of the false vacuum in quantum field theory.
Like a metastable phase in statistical mechanics—water below the freezing
temperature or above the boiling point—a quantum field needs to nucleate a
large enough bubble of the new vacuum (new phase), to make a transition.
(In QFT, a false vacuum is a metastable sector of space that appears to be a
perturbative vacuum, but is unstable due to instanton effects that may tunnel
to a lower energy state. This tunneling can be caused by quantum fluctuations
or the creation of high-energy particles. This is analogous to metastability for
first-order phase transitions.)
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vacuum to vacuum transition:

Spectrum, normal ordering (harm oscill):
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gives ∞

physical meaning?

Regularization + Renormalization ( cut-off, dim, ζ )
Even then:

Has the final value real sense ?

QFEXT 2011, CC Pedro Pascual, Benasque, Sep 18-24, 2011 – p. 3/2

Different, separate problems:
1. Why we do not see vacuum fluctuations at
cosmological scale ?
2. Why the observed cosmological constant (dark
energy) has the value that it has ?
3. Why matter and vacuum densities are of the same
order precisely now ? (coincidence)

Models of a dynamical Λ-term, and more
In the absence of a symmetry in Nature to set Λ=0, we must look for other mechanisms
to do that, such as
• Kinematic models: Λ is a function of the cosmic time t or the scale factor a(t)
• Hydrodynamic models: Λ is described by a barotropic fluid ρ=ρ(p) with some equation
of state (dissipative terms may be present)
• Field-theoretic models: Λ is a new physical (classical) field with some
phenomenological Lagrangian (Peebles and Ratra; Wetterich, ‘88)
• Anthropic arguments (Banks ‘85; Weinberg ‘87)

V. Sahni

• Attempts to solve the problem in the framework of extra dimensions (sign !)
• Landscape approach in string theory
• GR is an emergent theory (Jacobson ‘95, Verlinde ‘10, …)

On zero-point photons
Drude vs plasma issue, an alternative view:
U. Mohideen: ‘… zero-point photons do not behave as
real photons’ [Discussion w/ Brevik, Milton, Mohideen]

An experimental result !!
Why then should we expect that zero-point energy
would behave like ordinary energy ?

Cosmo-Topol Casimir Eff’t & Alternat’s
A. Assuming one is able to prove that the ground value of the cc is
zero
[Dolgov 1983; Ford 1987, 2002; Tsamis & Woodard 1998]
−→ left with this incremental value coming from the topology or BCs
We have shown (with different examples) that this value acquires
the correct order of magnitude —corresponding to the one
coming from the observed acceleration in the expansion of
our universe— in some reasonable models involving:
(a) small and large compactified scales JPA39(06)6299
(b) dS & AdS worldbranes hep-th/0209242
(c) supergraviton theo’s (discret dims, deconstr) hep-th/0312269
B. Other alternatives: (i) L Faddeev 0911.0282 (Adler ’82)
Newton const in E-H Lag has dim of mass −→ non-renormalizability
Describe gravity by vector field (as Higgs mechanism)
(ii) Porto & Zee 0910.3716 Dynamical critical behavior of gravity in
euIR sector and a mechanism to relax the cc. Also Shapiro+Sola, ...

ICE/IEEC Pizza-Lunch Seminar, March 4, 2011 – p. 16/2

Casimir eff in brworl’s w large extra dim
Casimir energy for massive scalar field with an arbitrary curvature coupling,
obeying Robin BCs on two codim-1 parallel plates embedded in background
spacetime R(D1 −1,1) × Σ, Σ compact internal space
Most general case: constants in the BCs different for the two plates
It is shown that Robin BCs with different coefficients are necessary
to obtain repulsive Casimir forces
Robin type BCs are an extension of Dirichlet and Neumann’s
=⇒ most suitable to describe physically realistic situations
Genuinely appear in: → vacuum effects for a confined charged scalar field
in external fields [Ambjørn ea 83],
→ spinor and gauge field theories,
→ quantum gravity and supergravity [Luckock ea 91]
Can be made conformally invariant, purely-Neumann conditions cannot
=⇒ needed for conformally invariant theories with BC, to preserve cf invar
Quantum scalar field with Robin BCs on boundary of cavity violates
Bekenstein’s entropy-to-energy bound near certain points in the space
of the parameter defining the boundary condition [Solodukhin 01]

ICE/IEEC Pizza-Lunch Seminar, March 4, 2011 – p. 22/2

Casimir force is at the basis of most urgent problems of:
elementary particle physics, astrophysics, and cosmology
1. Understanding the possible role of Q vacuum fluct and Casimir effect at
cosmological scales is at the basis of investigations which constitute, as
of now, the most reliable steps towards a possible explanation of the
origin (inflation) and evolution (grow cosmol perturb) of our Universe
2. Determining the coupling constants of axions to nucleons from
experiments measuring the Casimir force (dark matter?)
3. Search for new forces related to higher dimensions beyond the Standard
Model of particle physics (Yukawa-type corrections) from Casimir exper
4. Dynamical Casimir effects, including Hawking and Unruh radiation in
analogous systems as circuit QED, cold atoms, and optical systems:
will lead to the development of advanced optomechanical systems to
generate non-classical light from moving objects
Cost CASIMIR, EU

5. Promising non-local modified gravities will be investigated, along with
other theories, which fulfil all local tests and can be considered as
alternatives to Einstein’s gravity
6. Prediction of the gravitational wave spectrum, and stochastic
background, from modified gravity models
7. Add new key information to determine the true nature of the
gravitational interaction in the new paradigm
8. Understanding of the status of various energy conditions in Casimir
vacua context: a bridge between quantum and gravitational theories
9. Develop a QFT technique to compute composite operators such as
the fluctuation-induced energy-momentum tensor in general Casimir
configurations using e.g. the Worldline Monte Carlo method
10.Atomic short range gravity measurements in the presence of Casimir
and Casimir-Polder potentials: test gravity on microscopic scales

The First Light of the Cosmos
In the Beginning …

in rounded little atoms,

there was the Vacuum

and the photon,

of quantum space-time.

still trembling for a while,

And the Vacuum fluctuated...

could freely make its way

Then, an instanton,

through the transparent atoms.

—maybe à la Hawking-Turok—

And thus it was

the very tiniest spark you can imagine,

how a clear stream of light

unleased inflation,

of an incredible beauty,

all of a sudden.

and delicate,

Which generated

could travel all the Universe

—according to the Theory—

by then existing.

the first, primordial “soup”:

And there was light,

a plasma of gluons and quarks,

the pristine glow

as hot as hell,

of the first, very first dawn

as dark as death;

in the World’s History:

a most perfect black body

the First Light of the Cosmos;

pulsating like a clock.

which we still see

Expansion cooled

—in awe and wondering—

the hot quark-gluon plasma...

today;

Past three-hundred-thousand years

which fills your heart

and, suddenly,

with everlasting

Hydrogen got condensed

stillness.

Emilio Elizalde, 12/16/2015
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Worldwide Research lnstitutions.

SIR World Report 2011 :: Normalized Impact Report
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published documents in scholarly
journals.
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than one country address over the whole
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Introduction

Nl::Normalized Impact

The current report involves the third release of our annual series Scimago lnstitutions Rankings

The values, expressed in percentages,

World Reports, that based on quantitative data of citation and publication shows bibliometric
indicators that unveil sorne of the main dimensions of research performance of worldwide
research-devoted institutions. As in former editions, SIR World Report 2011 aims at becoming an

show the relationship of an institution 's
average scientific impact and the world
average, which is 1, --i.e. a seo re of 0.8
mea ns the institution is cited 20% below

evaluation framework of research performance to Worldwide Research Organizations.

average and 1.3 means the institution is

The report shows six indicators that will help users evaluate the scientific impact, thematic

cited 30% above average. More on NI.

specialization, output size and international collaboration networks of the institutions.
The period analyzed in the current edition covers 2005-09. The tables include institutions having
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published at least 100 scientific documents of any type, that is, articles, reviews, short reviews,

Ratio of publications that an institution
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database Scopus by Elsevier. The report encompasses Higher Education lnstitutions (HEls) as well
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Vacuum Fluct & the Equival Principle
The main issue:
S.A. Fulling et. al., hep-th/070209
energy ALWAYS gravitates therefore the energy density of the vacuum
appears on the rhs of Einstein’s equations:
1
Rµν − gµν R = −8πG(Teµν − Egµν )
2
Equivalent to a cosmological const Λ = 8πGE, ρc =

3H 2
8πG

Observations: M. Tegmark et al. [SDSS Collab.] PRD 2004
Λ = (2.14 ± 0.13 × 10−3 eV)4

∼ 4.32 × 10−9 erg/cm3

Question: how finite Casimir energy of pair of plates couples to gravity?
Two ways to proceed. Gauge-invariant procedure:
energy-momentum tensor of the phys sys must be conserved, so include a
physical mechanism holding the plates apart against the Casimir force
−→ Leads to complicated model-dependent calculations
Alternative: find a physically natural coordinate system, more realistic than
another: Fermi coord system [Marzlin ’94]
Calculations done also in Rindler coord (uniform accel obs)

The accelerating Universe
Evidence for the acceleration of the Universe expansion:
distant supernovae

AG Riess e a ’98, S Perlmutter e a ’99

the cosmic microwave background
S. Dunkley et al., ’99, E. Komatsu et al. ’99, B.D. Sherwin
et al. ’11, A. van Engelen et al. ’12
baryon acoustic oscillations BAO Martin White mwhite/bao/
the galaxy distribution AG Sanchez ea 12, Gaztanaga ea
correlations of galaxy distribs

R Scranton ea ’03

Multiple sets of evidence: no systematics affect the
conclusion that ä > 0, a scale factor of the Universe
the age of the Universe

Planck Collab ’14

The Braneworld Case
1. Braneworld may help to solve:
the hierarchy problem
the cosmological constant problem
2. Presumably, the bulk Casimir effect will play a role in the construction (radion
stabilization) of braneworlds
[A Flachi]
Bulk Casimir effect (effective potential) for a conformal or massive scalar field
Bulk is a 5-dim AdS or dS space with 2/1 4-dim dS brane (our universe)
Consistent with observational data even for relatively large extra dimension
Previous work:

−→ flat space brane
−→ bulk conformal scalar field
−→ conclusion: no CE
We used zeta regularization at full power, with positive results!

EE, Nojiri, Odintsov, Ogushi, PRD67(2003)063515, hep-th/0209242 Casimir effect in
de Sitter and Anti-de Sitter braneworlds EE, Odintsov, Saharian PRD79(2009)065023,
0902.0717 Repulsive Casimir effect from extra dimensions and Robin BC: from branes to pistons

ICE/IEEC Pizza-Lunch Seminar, March 4, 2011 – p. 19/2

The Sign of the Casimir Force
Many papers dealing on this issue: here just short account
Casimir calculation: attractive force
Boyer got repulsion [TH, Phys Rev, 174 (1968)] for a spherical shell. It
is a special case requiring stringent material properties of the sphere
and a perfect geometry and BC
Systematic calculation, for different fields, BCs, and dimensions
J Ambjørn, S Wolfram, Ann Phys NY 147, 1 (1983)
attract, repuls
Possibly not relevant at lab scales, but very important for cosmological
models
More general results: Kenneth, Klich, PRL 97, 160401 (2006)
a mirror pair of dielectric bodies always attract each other
CP Bachas, J Phys A40, 9089 (2007) from a general property of
Euclidean QFT ‘reflection positivity’ (Osterwalder - Schrader 73, 75):
∃ of positive Hilbert space and self-adjoint non-negative Hamiltonian

ICE/IEEC Pizza-Lunch Seminar, March 4, 2011 – p. 20/2

E.g. ∃ correlation inequality: hf Θ(f )i > 0
Θ reflection with respect to a 3-dim hyperplane in R4
the action of Θ on f is anti-unitary Θ(cf ) = c∗ Θ(f )
The existence of the reflection operator Θ is a consequence of
unitarity only, and makes no assumptions about the discrete
C, P, T symmetries
Boyer’s result does not contradict the theorem, since cutting an elastic
shell into two rigid hemispheres is a mathematically singular operation
(which introduces divergent edge contributions)
Theorem does not apply for
mirror probes in a Fermi sea (chemical-potential term), eg when
electron-gas fluctuations become important
periodic BCs for fermions
Robin BCs in general ⇐

ICE/IEEC Pizza-Lunch Seminar, March 4, 2011 – p. 21/2

