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Problems in standard cosmology

95 % of the Universe in unknown

Horizon problem (causality): need for 
an inflation scenario

Coincidence problem and 
cosmological constant

S. M. Carroll 42

5 Conclusions: the preposterous universe

Observational evidence from a variety of sources currently points to a universe
which is (at least approximately) spatially flat, with (ΩM,ΩΛ) ≈ (0.3, 0.7). The
nucleosynthesis constraint implies that ΩB ∼ 0.04, so the majority of the matter
content must be in an unknown non-baryonic form.
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Figure 11: ΩΛ as a function of the scale factor a, for a universe in which
ΩM0 = 0.3, ΩΛ0 = 0.7. Indicated are the scale factors corresponding to the
Planck era, the electroweak phase transition, and Big Bang Nucleosynthesis.

Nobody would have guessed that we live in such a universe. Figure 11 is a
plot of ΩΛ as a function of the scale factor a for this cosmology. At early times,
the cosmological constant would have been negligible, while at later times the
density of matter will be essentially zero and the universe will be empty. We
happen to live in that brief era, cosmologically speaking, when both matter and
vacuum are of comparable magnitude. Within the matter component, there are
apparently contributions from baryons and from a non-baryonic source, both of
which are also comparable (although at least their ratio is independent of time).
This scenario staggers under the burden of its unnaturalness, but nevertheless
crosses the finish line well ahead of any competitors by agreeing so well with
the data.

Apart from confirming (or disproving) this picture, a major challenge to
cosmologists and physicists in the years to come will be to understand whether
these apparently distasteful aspects of our universe are simply surprising coin-
cidences, or actually reflect a beautiful underlying structure we do not as yet

Living Reviews in Relativity (2001-1)
http://www.livingreviews.org



Presentation of Milne Universe

The Symmetric Milne Universe
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Standard model (LCDM)

Friedmann equation

ΩM ≈ 0.3, ΩΛ ≈ 0.7, Ωk = 0
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Einstein-de Sitter model
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Milne model
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0 â−2.

χ2 =
∑ (m∗ −M + α(s− 1)− βc− µth)2

σ2(µ) + σ2
int

χ2/dof = 7.29

σ2
int :

(k = −1)
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The Symmetric Milne Universe

One first immediate consequence:
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Empty Universe: equal quantities of matter (with positive mass) and antimatter 
(with negative mass). 
No Dark Matter and no Dark Energy.

This is considered here as a working hypothesis, and it could have justification 
from GR

Aim: check consistency with cosmological tests :

Age of the Universe

Big-Bang Nucleosynthesis

Type Ia Supernovae

CMB

The Symmetric Milne Universe



First simple test: Age



Age of the Universe in Milne Cosmology
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Age of Universe

Globular clusters

EdS model seems excluded 
by oldest globular clusters 

(Chaboyer et al, 98)

Milne and LCDM almost similar



Age of Universe

At high temperature, 
the Milne Universe is 
much older !

BBN

CMB

BBN duration.
Standard ≈ 200 sec
Milne ≈ 30 years 

4 x106

35

Age of the Universe in Milne Cosmology



BBN

CMB

Age of Universe

Age of the Universe at 
recombinaison:
14 Gy/1000 ≈ 14 My 

Age of the Universe in Milne Cosmology



Big-Bang Nucleosynthesis



Big-Bang Nucleosynthesis

Brief summary of Standard BBN

T ≥ 800 Kev, neutrons and protons are in thermal equilibrium by 
weak interaction

T ≈ 800 KeV, t=1s : freeze-out of weak interactions. Free decay of 
neutrons.

T ≈ 80 KeV, t=200 s : Deuterium begins to survive its 
photodisintegration. Begin of BBN

η ≈ 3 10−10

η ≈ 6 10−10

η ≈ 8× 10−9

n

p
= e−Q/T ≈ 1

6
n

p
≈ 1

7

m∗, s, c :

M,α, β :

c

Yp =
2(n/p)

1 + (n/p)
≈ 0.25%

p + n↔ d + γ

µ = m−M = −5 + 5 log
(

dL(z)
1pc

)

µ = m−M = −5 + 5 log
(

f(z, cosmologie)
1

)

m−M = −5 + 5 log
(

dL(z)
1

)

Pk =
〈
|ρ̃k|2

〉
k′ , k′ =

√
k2

x + k2
y + k2

z = k

ρ(x, y, z)

ρ̃(kx, ky, kz)

(
ȧ
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Brief summary of Standard BBN

16 Stellar Nucleosynthesis: 50 years after B2FH
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Fig. 11. Abundances of 4He (mass fraction), D, 3He and 7Li (by number relative to H)

as a function of the baryon over photon ratio η (or Ωb·h2.) showing the effect of nuclear
uncertainties.

during this period.
Another question comes from recent observations of 6Li in the atmosphere of

A. Coc, 2007

Alain Coc: An Introduction to Primordial Nucleosynthesis 11
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Fig. 6. The twelve BBN main reactions for the productions of 4He, D, 3He and 7Li,

showing the low (η <∼ 3 10−10) and high (η >∼ 3 10−10) baryonic density branches for the
7Li synthesis.

3H(d,n)4He, 3H(α, γ)7Li, 3He(d,p)4H, 3He(n,p)3He, 3He(α, γ)7Be, 7Li(p,α)4He
and 7Be(n,p)7Li, cross sections have been measured in the laboratory at the
relevant energies even though these experiments were in general motivated by
nuclear physics rather than BBN studies. Compilations of experimental nuclear
data to determine thermonuclear rates for astrophysics have been initiated by
W. Fowler. This was later pursued within the European NACRE collaboration
(Angulo et al. (1999)) which also provided upper and lower rate limits. For BBN
applications, a dedicated analysis has recently been performed. All experimental
data for the ten BBN reactions were compiled and analyzed in the framework

A. Coc, 2007

Big-Bang Nucleosynthesis



Observational status

Large dispersion of deuterium observations 
but deuterium is believed to be a good 
probe as it cannot be produced after BBN

Tension on Li-7: WMAP gives 3 times 
more Li-7 than observed.

Tension on Li-6: 1000 times more 
observed than predicted.

A. Coc et al., 2004

10-5

10-9

10-10

Big-Bang Nucleosynthesis



Coasting nucleosynthesis

Work and discussion between Lohiya et al. and Steigman et al.

Weak n<>p reactions decouple at lower temperature: ≈80 keV instead of 
≈800 keV

Timescale is radically different: 4 x106 more time ! 

e-e+ annihilation occurs before weak decoupling: 
photon and neutrinos background should have the same temperature.

Some neutrons are slowly regenerated to maintain equilibrium value, enabling 
nucleosynthesis to occur.

Big-Bang Nucleosynthesis



Production of adequate He-4 is 
possible in coasting BBN. It needs a 
greater baryon to photon ratio 
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Complete disparition of deuterium

Big-Bang Nucleosynthesis

Coasting nucleosynthesis



Diffusion, spallation, nucleodisruption and photodisintegration

Matter and antimatter are separated in domains: diffusion of (anti-)nucleons lead to 
production of D, T, He-3

T ≥ 80 keV, only neutrons diffuse (neutral)

80 keV ≥ T ≥ 5 keV, annihilation stalled. No neutron available.

5 keV ≥ T ≥ 1 keV: Proton diffusion becomes efficient. Convection toward 
annihilation zone. Nucleodisruption products deuterium (and others ...)

Jedamzik et al. PRD(64)2, Kurki Suonio et al. PRD(62)10

50 Chapter 4. Annihilation of Antimatter Domains in the Early Universe

bonell, Protasov & Zenoni 1997)
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The first two terms in the expansion of the cross section in the centre of mass momen-
tum are entirely defined by the imaginary part of the scattering amplitude . For very
low energies, this cross section is inversely proportional to the centre of mass momen-
tum , so the product of cross section and relative velocity is approximately constant
( = / ). Experimental values of = 40 3mb and 32 5mb (Mutchler et al. 1988,
see Fig. 4.5) were obtained at centre of mass momenta of 22 MeV/ and 43 MeV/ ,
respectively. From these results, the complex part of the scattering length may be deter-
mined. In the calculations, I used a constant value of = 40mb for annihilation in
systems with at least one neutral particle.

In systems with Coulomb interactions, such as the ¯ or the ¯-nucleus system, the
1/ behaviour of the low-energy annihilation cross section is drastically modified. In-
deed, the charged particle low energy annihilation cross section is found to be propor-
tional to 1/ 2 and therefore the reaction rate is divergent at zero energy. Again,
experimental data below about 1 MeV kinetic energy are not available. Carbonell &
Protasov (1993) found an analytic expression for the S–wave contribution to 2 in
antiproton-nucleus annihilation,
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with being the digamma function (see e.g. Abramowitz & Stegun 1972). It is necessary
to take the P-wave contribution into account as well, for which a similar expression

Table 4.3: Probabilities to create the different nuclei in ¯4He annihilations, de-
rived from the branching ratios given in Tab. 4.2
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Type Ia Supernovae



Type Ia SN

relative magnitude

absolute magnitude

luminosity distance
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Hubble Diagram
SNLS first-year data



Residues Diagram for Milne, LCDM

LCDM Best fit Milne - SNLS analysis

Type Ia SN



Residues Diagram for Milne, LCDM

Absolute magnitude parameter M unconstrained for Milne

Type Ia SN

Which one is the best ?



Residues Diagram for Milne, LCDM

Absolute magnitude parameter M unconstrained for Milne

LCDM Best fit Milne - our analysis

Type Ia test does not permit to exclude the Milne model !

Type Ia SN
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The same object is seen under a much 
smaller angle in Milne Universe

Standard Model: Space-time is curved and 
space is flat 

Milne Model: Space-time is flat (empty) and 
space is curved

This changes drastically the angular distance
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≈ 0.25

p̄4He

p + n↔ d + γ

µ = m−M = −5 + 5 log
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One degree scale, just like the observed scale !

CMB
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Conclusion

Standard model is a good fit but is not natural (two unobserved components)

Surprisingly, the symmetric Milne Universe seems to satisfy cosmological tests: 
Age, Big-Bang Nucleosynthesis, Type Ia Supernovae and CMB.

Still, number of questions unsolved: 
- angular spectrum of temperature fluctuations (CMB),
- How to hide so much baryons ?
- Check consistency with other cosmological tests

Questions ?


