
Remedial Inflation
Suggested Reading: 
Ryden Chapter 11

Peacock Chapter 11



The Standard Big Bang 
Cosmological Model

• Based upon:

• General Relativity

• Cosmological 
Principle

• Known particle 
physics

• Successfully Explains:

• Dark night sky

• Hubble Expansion

• Age of universe

• CMB

• Light elements

Very successful theory, but...



Phenomena NOT explained in 
Standard Big Bang Model

• horizon problem (why so flat?)

• flatness problem (why so homogeneous?)

• monopole problem (why so rare?)

• baryon asymmetry (why?)

• the expansion problem (yeah, why?)

• small scale inhomogeneities
added by Peacock



Horizon Problem
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CMB - Main Observational Results

4. anisotropy, 10-5 level, primordial

COBE WMAP (Wilkinson Microwave Anisotropy Probe)

 

Planck Satellite
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Planck Satellite

360 deg

Current Planck maps, 
ΔT/T~10-5

Dipole anisotropy
ΔT/T~10-3

T=2.73 K, 
everywhere

Caused by us, 
not the CMB!

Rydenism: If you invite 20,000 
people to a pot luck and 

everyone brings potato salad, 
you know they were talking to 

each other beforehand.



Flatness Problem

• We are, 
technically, 
flatter than a 
pancake.

Cosmological implications of the BOSS DR11 ξ⊥(s) and ξ∥(s) 11

Figure 6. The marginalized 68 and 95 per cent CL in the w0–
wa plane when we explore the redshift dependence of the dark
energy equation of state, parametrized as in equation (17). The
contours show the results obtained using the ePlanck CMB data
alone (blue dashed lines), the ePlanck+BOSS ξ∆µ(s) combination
(red solid lines), and when this information is combined with
our BAO and SN datasets (green dot-dashed lines). The dotted
lines correspond to the fiducial values of these parameters in the
ΛCDM model, w0 = −1 and wa = 0.

and wDE = −1.28+0.24
−0.16 for the WMAP9+BOSS ξ(s) and

Planck+BOSS ξ(s) combinations, respectively.
The red solid lines in Fig. 5 show the constraints ob-

tained when the WMAP9 and Planck CMB data sets are
combined with the information from the full shape of the
DR11 LOWZ and CMASS clustering wedges. The addi-
tional information provided by ξ⊥(s) and ξ∥(s) can break
the degeneracy present in the CMB results much more ef-
ficiently than the angle averaged correlation function, lead-
ing to broadly similar results for both CMB datasets. In
particular, the marginalized constraints on the matter den-
sity parameter are almost identical, with Ωm = 0.288+0.016

−0.014

for the WMAP9+BOSS ξ∆µ(s) case and Ωm = 0.289+0.018
−0.016

for the Planck+BOSS ξ∆µ(s) combination. However, the
differences in the CMB data sets lead to slightly differ-
ent constraints on the dark energy equation of state of
wDE = −0.964+0.088

−0.069 (WMAP9+BOSS ξ∆µ(s)) and wDE =
−1.049± 0.077 (Planck+BOSS ξ∆µ(s)). Although these re-
sults are consistent at the one σ level, this difference high-
lights the importance of understanding the origin of the dis-
crepancies between the WMAP9 and Planck data sets. The
same behaviour is other parameter spaces, once combined
with our measurements of the LOWZ and CMASS clustering
wedges, the WMAP9 and Planck CMB data sets give similar
results, although the mean values are shifted by one σ. In
the following sections we focus on the Planck CMB measure-
ments and derive constraints using the ePlanck combination.

Combining the Planck CMB data with our DR10 clus-
tering measurements leads to consistent results. The com-
bination of Planck and the DR10 LOWZ and CMASS
ξ∆µ(s) gives the constraints Ωm = 0.279+0.024

−0.014 and wDE =

Figure 7. The marginalized constraints in the Ωm–Ωk plane
when the ΛCDM model is extended to allow for non-flat mod-
els. The contours show the 68 and 95 per cent CL obtained us-
ing the ePlanck CMB data alone (blue dashed lines) and the
ePlanck+BOSS ξ∆µ(s) combination (red solid lines). The dotted
line corresponds to flat universes, with Ωk = 0.

−1.09+0.12
−0.061. The smaller statistical uncertainties associated

with the DR11 LOWZ and CMASS clustering measurements
lead to reduction of ∼ 15 per-cent in the constraints on the
dark energy equation of state. As the same agreement is seen
in all cosmological parameter spaces, from now on we focus
on the results obtained using the DR11 galaxy samples.

Including the information from the high-ℓ CMB exper-
iments improves the constraints only marginally. Using the
ePlanck + BOSS ξ∆µ(s) combination we find wDE = w =
−1.051 ± 0.076. Our final constraints are obtained when
the information from the additional BAO and SN mea-
surements are added to this data combination, leading to
wDE = −1.071 ± 0.055 and Ωm = 0.283 ± 0.011, consistent
at the one σ level with the ΛCDM model value of wDE = −1,
indicated by the dotted line in Fig. 5.

Although exploring the constraints on a constant
wDE could indicate a deviation from the standard ΛCDM
paradigm, more general dark energy models as those based
on a scalar field will be characterized by a time-dependent
equation of state (e.g. Wetterich 1988). We explore the con-
straints on the time-dependence of wDE, parametrized as
in equation (17). The blue dashed lines in Fig. 6 corre-
spond to the two-dimensional marginalized constraints in
the w0–wa plane obtained from the ePlanck CMB, covering
a large region of the parameter space. The red solid lines in
Fig. 6 correspond to the results obtained by combining the
ePlanck CMB measurements with our BOSS ξ∆µ(s) data
set, showing a significant reduction of the allowed region
for these parameters. In this case we find w0 = −0.83+0.38

−0.34

and wa = −0.6+0.4
−1.4. As shown by the green dot-dashed lines

in the same figure, including also the information from out
BAO and SN datasets tightens the constraints, leading to
w0 = −1.10± 0.12 and wa = 0.31± 0.40, in agreement with

c⃝ 0000 RAS, MNRAS 000, 000–000

Sanchez et al 2014
arXiv:1312.4854



Flatness Problem

Rydenism: changing the mass of 
the sun by 1 part in 1060 would 

mean removing 2 electrons.



The Inflation Solution
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Inflation and the Flatness Problem
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Inflation and the Horizon Problem



No Magnetic Monopoles...
right?


