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LQC - loop quantum cosmology gives an applicative framework to
investigate evolution of the Universe at the Planck epoch (When
the characteristic energies are of the order 1019GeV). This theory
base on the non-perturbative approach to quantise gravitational
degrees of freedom, called loop quantum gravity (LQG).

CMB - cosmic microwave background (radiation)

We derive predictions from the theory and then we try to confront
them with observational data.

LQC CMB

This can give us the feedback on the theory and can learn us
something about the Planck scale physics.

Jakub Mielczarek From LQC to CMB



Problems of the standard cosmology:
1) Initial Big Bang singularity.
2) Initial conditions for inflation.

Solutions given by LQC:
1) The initial singularity is replaced by the quantum Big Bounce.
2) A bounce gives mechanism to set the proper initial conditions
for inflation.

Effective Friedmann equation:
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Inflation in LQC - the shark fin scenario
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Dynamics of the massive inflaton field is governed by:

φ̈+ 3Hφ̇+m
2φ = 0.
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Gravitational waves in LQC
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quantum gravitationally induced ”effective mass” is given by
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Quantization promotes the field h
i
a to be the operator ĥia. The

correlation function of the ĥ
i
a field is defined as follows

〈0|ĥab(x, η)ĥba (y, η)|0〉 =
∫

∞

0

dk

k
PT(k , η)

sin kr
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.
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Power spectrum of gravitational waves.
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In the IR region the spectra behave as PT ∝ k
2 while in the UV

region they behave as PT ∝ k
−2ǫ, where ǫ ≪ 1 is the slow-roll

parameter. Here m = 10−2
mPl.
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Polarization of the CMB

The way to produce polarization:

Gravitational waves 7→ Fluctuations of density 7→ Thomson
scattering 7→ Polarization of the CMB photons

We are interested in B-type polarization which is directly related
with tensor power spectrum.

At present, we have only upper constraints on amplitude of this
type polarization, as

l(l + 1)CBB
l

2π

∣

∣

∣

∣

l=2...7

≤ 0.055µK2 (95% CL)

from the 7-year observations of WMAP satellite. However, even
based on this, we can put constraint on PT and then constrain the
parameters ρc and m. The resulting bounds are weak, however can
eliminate some possible scenarios.
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Temperature anisotropy of the CMB

One can assume that the modifications of the spectrum of the
scalar perturbations are similar to those in case of tensor modes.
Then, we can investigate the possible effects on the temperature
anisotropy of the CMB.

-1000

 0

 1000

 2000

 3000

 4000

 5000

 6000

 1  10  100  1000

l(l
+

1)
C

l/2
π 

T
2 C

M
B
 [µ

 K
2 ]

l

WMAP5
ns=1
x*=2
x*=6

x*=10

Jakub Mielczarek From LQC to CMB



References

J. Mielczarek, T. Cailleteau, J. Grain, A. Barrau “Inflation in
loop quantum cosmology: dynamics and spectrum of
gravitational waves,” .[arXiv:1003.4660]

J. Mielczarek, “Possible observational effects of loop quantum
cosmology,” Phys. Rev. D 81 (2010) 063503
.[arXiv:0908.4329]

J. Mielczarek, “Tensor power spectrum with holonomy
corrections in LQC,” Phys. Rev. D 79 (2009) 123520
.[arXiv:0902.2490]

J. Mielczarek, “Gravitational waves from the Big Bounce”,
JCAP 0811 (2008) 011 .[arXiv:0807.0712]

Jakub Mielczarek From LQC to CMB


