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CMB plays a keyrole in seLng cosmology in the ages of precise science 
(geometry of the Universe, maQer content, neutrinos total mass) 

•  StaBsBcs of its anisotropies 
 Temperature  T (scalar & tensor) 
 PolarizaGon    E (scalar & tensor) 
 PolarizaGon    B (tensor) 

•  B‐mode 
Open window on inflaGon/alternaGves/new theories 

GravitaGonal lensing 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A RAPID SKETCH OF LOOP QUANTUM GRAVITY (LQG) 

« Can we construct a quantum theory of spacetime based only on the 
experimentally well confirmed principles of general relativity and quantum 
mechanics ? » L. Smolin, hep-th/0408048 

-  The area, volume and length operators have a discrete sectrum 
-  The horizon entropy is completely explained. 
-  Singularities are eliminated. 
-  Ultraviolet divergences of QFT are not present. 
-  Loop quantum cosmology is on the way…. 

GR classically re‐wriQen with Ashtekar variables : 
 densiGzed triad 
 Ashtekar connecGon 

QuanBzaBon by use of holonomies and fluxes (background independence) 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LQG IN THE COSMOLOGICAL FRAMEWORK : BACKGROUND 

FLRW‐reduced formulaGon of LQG : Loop Quantum Cosmology (LQC) 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Background equaBon : classical results 

Background equaBon : quantum corrected results 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ds2 = dt 2 − a2(t)δijdx
idx j

  Non‐singular, bouncing Universe 
  InflaGon triggered by the pre‐Big Bang 

SEE WORKS OF: ASHTEKAR, BOJOWALD, LEWANDOWSKI, PAWLOWSKI, SINGH, CORICHI, 
MIELCZAREK, VANDERSLOOT, ETC.  
FOR A REVIEW, SEE:  CALCAGNI & HOSSAIN, ADV. SCI. LETT. 2, 184 (2009) 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BACKGROUND WITH HOLONOMIES: {BOUNCING+INFLATIONNARY} UNIVERSE 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Scalar field  Scale factor 

  A sufficient amount of e‐folds: 

  A maximum amount of e‐folds: 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ρc = mPl
4  :

for mΦ =10−6mPl ,  x = 0 :  Φmax ≈ 2.1mPl  and N ≈ 28
for mΦ =10−3mPl ,  x = 0.01 :  Φmax ≈ 3mPl  and N ≈ 60
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LQG IN THE COSMOLOGICAL FRAMEWORK : TENSOR PERTURBATIONS 

Perturbed FLRW metric 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Gravity waves equaBon : classical results 

Gravity waves equaBon : quantum corrected results 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ds2 = a2(η) dη2 − δij + hij( )dx idx j( )

•  Modified background 
•  Modified «Dispersion relaBon» 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TENSOR PERTURBATIONS : PRIMORDIAL POWER SPECTRA 
Tensor perturbaGons power spectra 

General relaBvity 
Loop Quantum Cosmology 

PLANCK‐HFI SENSITIVITY 

EBEX SENSITIVITY 

J. MIELCZAREK, T. CAILLETEAU, J. GRAIN & A. BARRAU, PHYS. REV. D  81 104049 (2010) 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R  

Large length scales  Small length scales 
Large angles  Small angles 



TENSOR PERTURBATIONS : IMPACT ON CMB B‐MODES 

‘Cosmological’ parameters for PT(k) :  
 (T/S, nT)        Slow‐roll inflaGon 

 (k*, R)            Quantum bounce 

Lensing‐induced B‐mode 

Primordial B‐mode 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DETECTABILITY OF LQC USING B‐MODES : PRELIMINARY RESULTS 

Cosmological parameters : 
 (Ωb, Ωm, ΩΛ, AS, ns)     WMAP 7‐yrs fixed 
 (τre)                                  

‘Cosmological’ parameters for PT(k) :  
 (T/S, nT)        Slow‐roll inflaGon 
 (k*, R)            Quantum bounce 

Strong prior : 
Assumes scalar perturbaGons are not changed for 

intermediate and small scale 

CMB‐Pol/B‐Pol : 
  Sky coverage ~ 70 % 
  Noise ~ 3 μK‐arcmin. 
  ResoluGon ~ 8 arcmin. 

1‐σ detecGon  2‐σ detecGon  3‐σ detecGon 



SBll to be done… 

  Scalar perturbaBons : T and E in the CMB 
Inverse‐volume 

Holonomy 

  Improved dynamics at the bounce 
(PotenGal energy)>>(kineGc energy) 

  Beyond the effecBve descripBon 
PerturbaGons at the bounce 

  Comparing with other Bouncing Cosmology  

 RealisBc forecasts including T & E anisotropies 
Prior on scalar perturbaGons 

  New specific signatures 
Higher momentum of the CMB staGsGcs : non‐gaussianiGes 

Quantum staGsGcs 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To conclude 

Cosmology is now in the playground of precision science.  

Quantum gravity (generally speaking) is in the playground of cosmology… 


