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March 2014 – BICEP2 team announced the detection of polarization B modes in CMBR
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Inflation 
not only solves old 
conceptual problems
of Big Bang
* horizon 
* flatness
* monopole       it  makes predictions !

Ammount of inflation 
necessary for solving 
horizon problem is sufficient 
for solving flatness and 
monopole
problems too

Credits: Yi Wang https://inspirehep.net/record/1222779/plots
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Inflation 
not only solves old conceptual problems 
but 
makes predictions !

Primordial fluctuations 
•adiabatic – can sustain acoustic oscillations (acoustic peaks predicted)

 

•nearly Gaussian – as a result of amplification of initial Gaussian quantum fluctuations
(some small degree of non-Gaussianity  expected due to physical processes)

(

•nearly scale invariant – should deviate slightly from the Harrison-Zeldovich ns = 1 
 – should  be lower (Planck 2013 ns   = 0.9690 ± 0.0089 )

)

•CMBR anisotropies should be not only due to density perturbations but also due to 
primordial gravitational waves

Most of them confirmed !

The last prediction – revealed by BICEP2 
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Quadrupole anisotropy in radiation field is necessary to produce net polarization 
via Thomson scattering

http://bicepkeck.org/

DASI (2002)
BOOMERANG
WMAP
BICEP1
PLANCK

peak at 0.20 
l = 1000 

peaks at 
l = 80 
l < 10
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This curve needs 2 parameters 
to be fitted (As, ns )

With (As, ns ) fitted above 
this curve is an absolute 
prediction ! 

(anti) correlation 
predicted by 
Coulson, Crittenden and 
Turok, PRL 73, 2390, 1994
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Seen by 
SPT 2013

CMBR polarization
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BICEP 2

South Pole Telescope
BICEP2 Keck Array

http://bicepkeck.org/
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11http://bicepkeck.org/
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Raw data http://bicepkeck.org/
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Polarization signal on maps

http://bicepkeck.org/
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Upper limits

BICEP1 r < 0.7 (95%CL)

(

http://bicepkeck.org/
14
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Galactic magnetic
field

Planck sky model

Data driven models 
Planck maps

Foreground polarizations

http://bicepkeck.org/
15

pre-Planck data

based on ESLAB 
meeting data
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Galactic magnetic
field

Planck sky model

Data driven models 
Planck maps

Foreground polarizations

http://bicepkeck.org/
16

pre-Planck data

Published version
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Tensor/Scalar ratio r

http://bicepkeck.org/

base result

with subtracted 
backgrounds

r in 
(0.15, 0.19) autocorr.
(0.19, 0.21) crosscorr.



18http://bicepkeck.org/ 18



19

Why  is it so important?

slow roll parameters

(ns , r) plane allows to test inflationary potentials !

from Planck XVI

GUT
scale
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How reliable is BICEP2 result?
1.  It is hard to compare quickly Planck limit r<0.13 with BICEP2 r =0.2
Planck bound is T based (indirect, derived within a particular model)

2. Thorough discussion of dust polarization uncertainty
M.J. Mortonson, U. Seljak arXiv: 1405.5857
L.Flauger, J.C. Hill, D.Spergel arXiv:1405.7351v1

3. Galactic Loop I and CMBR H.Liu,  P.Mertsch, S. Sarkar arXiv:1404.1899

BICEP field
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arXiv:1405.7351v1

Both BICEP2 and BICEP1xBICEP2 data compatible with 
primordial GW as well as with foregrounds only
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Arguments: 

•Synchrotron emission evaluated from WMAP (K 23GHz, Ka 33 GHz) bands 
extrapolated to BICEP2 150 GHz (synchrotron index is uncertain) can account 
to 10% of the signal – not enough to explain it
•Dust polarization: BICEP region is clear in dust emission and gas column density
it doesn’t guarantee negligible polarization ! (WMAP3  30% polarization in large scale
synchrotron; Planck  BICEP region overlaps regions of 30%,40%,50% pol. intensity)

•Polarized dust emission is uncertain and could be large enough to account for the 
excess of power seen by BICEP

Best fit amplitude of 
polarized dust emission in 
BICEP region

DDM1 and DDM2 depend on dust polarization fraction p 

Region that led to conclusions
from previous figure
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There’s a long way … 

But we’re standing at gates of a new era !
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What next?

1. Confirm BICEP2 result  & determine the amplitude of 
the GW signal
* detection of reionization bump by Planck 
* other ground based experiments
* future missions like CoRE+ 

2. Measure r and ns 
   more accurately

* models make predictions concerning (ns, r) 
* future galaxy surveys can reduce error of ns by factor of 5 
* future polarization missions (e.g. COrE+) can reduce 
  errors on r to the % level

3. Measure the running of the nt and test the prediction 
nt = - r/8

Develop further theory behind the inflation – 
inflation has severe conceptual problems …
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arXiv:
1402.6980



Cosmology with PRISM 
– Polish commitment

Marek Biesiada 
Institute of Physics, 
University of Silesia, 

Katowice, Poland

On behalf of Polish supporters of PRISM Project

Agnieszka Pollo 
Bożena Czerny
Agata Różańska

Wojciech Hellwing
Boud Roukema

Włodzimierz Piechocki
Jakub Mielczarek 

…  

22 in total 

COrE / PRISM workshop for a M4 ESA mission
Laboratoire Astroparticule et Cosmologie
Paris, 10-11.02.2014

NEW CMB Polarization  Mission 
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Member of 
the Steering 
Committee

This could be the opening of the gates …


